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ABSTRACT OF DISSERTATION
THE PRODUCTION, CULTURE AND CRYOPRESERVATION 
OF BOVINE DEMI-EMBRYOS
The o b j e c t i v e  o f  exper imen t (Exp) I was to  develop  and e v a l u a t e  a 
s i m p l i f i e d  method f o r  producing bovine demi-embryos (DE). Treatment 
( T r t )  A and B were th e  b i s e c t i o n  zona p e l l u c i d a  i n t a c t  (ZI)  and f r e e  
(ZF) embryos,  r e s p e c t i v e l y ,  us ing a microscope s l i d e  micromanipu la to r .
In T r t  C and D, ZI and ZF embryos,  r e s p e c t i v e l y ,  were b i s e c t e d  with  a 
hand-held  r a z o r  b lade  method. More DE were produced by th e  r a z o r  b lade 
method (T r t  C and D) than  by th e  microscope s l i d e  micromanipu la to r
method (T r t  A and B). More DE were produced from ZF embryos ( T r t  B and
D) than  from ZI embryos ( T r t  A and C). A g r e a t e r  number o f  DE developed 
to  b l a s t o c y s t s  in T r t  C (82%) than in T r t  A, B, o r  D.
In Exp I I ,  the  u i  v i t r o  development o f  bovine embryos c u l tu r e d  i n ­
s id e  ( T r t  A) bovine t r o p h o b l a s t i c  v e s i c l e s  (bTV) were compared w i th  co­
c u l t u r e  with  bTV ( T r t  B) and with  medium a lone  ( T r t  C).  A f t e r  96 h o f  
c u l t u r e ,  58%, 72% and 44% o f  the  embryos in  T r t  A, B and C, r e s p e c ­
t i v e l y ,  were cons idered  v i a b l e .  The number o f  grade  1 or  2 embryos in
T r t  B a f t e r  96 h o f  c u l t u r e  was g r e a t e r  (50%) than  th e  number in  T r t  C 
(17%), but  s i m i l a r  to  th e  number in T r t  A (36%).
In Exp I I I  i n t a c t  and b i s e c t e d  bovine embryos (n=33 /Tr t )  were c u l ­
tu r e d  96 h with  bTV o r  in medium a lo n e .  The T r t  were:  (A) DE c u l t u r e d  
in medium a lo n e ,  (B) DE c o - c u l t u r e d  with  a bTV, (C) i n t a c t  embryos 
c u l t u r e d  in  medium a l o n e ,  (D) i n t a c t  embryos c u l t u r e d  with  a bTV.
Fewer DE ( T r t  A and B) were v i a b l e  o r  o f  grade  1 o r  2 than i n t a c t  
embryos ( T r t  C and D). More embryos c o - c u l tu r e d  with  bTV ( T r t  B and D) 
were v i a b l e  and q u a l i t y  grade 1 o r  2 a t  th e  end o f  96 h c u l t u r e  than 
were embryos c u l tu r e d  in medium a lone  ( T r t  A and C).
In Exp IV, the  v i a b i l i t y  o f  DE produced be fo re  o r  a f t e r  f r e e z in g  
were compared in two t r i a l s .  The T r t  in T r i a l  I were: (A) DE formed 
be fo re  f r e e z i n g ,  (B) DE formed a f t e r  f r e e z i n g - th a w in g ,  (C) i n t a c t  con­
t r o l  embryos,  (D) i n t a c t  c o n t ro l  embryos.  Embryos in T r t  A, B and C 
were aga r  embedded be fo re  f r e e z i n g .  The T r t  in T r i a l  II  were: (A) DE 
formed be fo re  f r e e z i n g ,  (B) DE formed a f t e r  f r e e z i n g - th a w in g ,  (C) i n ­
t a c t  c o n t ro l  embryos. One DE o f  each p a i r  in  T r t  A was a g a r  embedded to 
produce a ZI embryo ( T r t  A-I)  and the  o t h e r  was f rozen  ZF (T r t  A - I I ) .
In T r i a l  I ,  more embryos were v i a b l e  and t r a n s f e r r a b l e  in  T r t  C and D 
pos t - thaw  than  in T r t  A o r  B. The number o f  v i a b l e  and t r a n s f e r a b l e  
embryos in T r t  A and B were s i m i l a r .  In T r i a l  I I ,  the  number o f  v ia b le  
and t r a n s f e r a b l e  embryos in A-I and A-II  o f  T r t  A were s i m i l a r .  Also ,  
th e  number o f  v i a b l e  and t r a n s f e r a b l e  embryos in T r t  A and B were sim­
i l a r .  More embryos were v i a b l e  and o f  t r a n s f e r a b l e  q u a l i t y  in  T r t  C 
than in e i t h e r  T r t  A o r  B.
CHAPTER I
REVIEW OF LITERATURE 
PART A. BISECTION OF BOVINE EMBRYOS 
I n t r o d u c t i o n
Monozygotic tw in s ,  o f f s p r i n g  o r i g i n a t i n g  from a s i n g l e  f e r t i l i z e d  
ovum, have proven t h e i r  va lue  as exper im en ta l  an imals  in  a number o f  
p h y s io lo g i c a l  i n v e s t i g a t i o n s  (Hancock,  1954; S to rmont ,  1954; C h r i s t i a n  
e t  a l . ,  1965; B ig g e r s ,  1986 ) .  U n f o r tu n a t e ly ,  th e  in c id e n c e  o f  n a t u ­
r a l  monozygotic tw inning  i s  low. Monozygotic tw ins  in  c a t t l e  occur in 
about  one o f  every  one- thousand  b i r t h s  (Hafez ,  1974).  In a d d i t i o n ,  the  
n a t u r a l  monozygotic tw ins  a v a i l a b l e  t o  r e s e a r c h e r s  may no t  be o f  the  
sex o r  the  p a re n ta g e  o f  i n t e r e s t .
A number o f  s t u d i e s  have been conducted  dur ing  th e  l a s t  10 y e a r s  
to  develop  embryo m ic r o s u rg i c a l  t e c h n iq u e s  f o r  a r t i f i c a l l y  produc ing 
monozygotic tw in  o f f s p r i n g .  In t h e  1 9 7 0 ' s ,  i t  was th ough t  t h a t  l a t e r -  
s t a g e  mammalian embryos would not  s u r v iv e  fo l low ing  m ic ro s u rg e ry  so 
m icrom an ipu la t ion  s t u d i e s  were d i r e c t e d  toward th e  use o f  e a r l y - s t a g e  
embryos. S tu d i e s  in th e  e a r l y  1 9 8 0 ' s ,  however,  showed t h a t  morula and 
b l a s t o c y s t  s t a g e  embryos o f  farm an imals  were a b l e  t o  develop  fo l lowing  
b i s e c t i o n  and could  produce v i a b l e  o f f s p r i n g .
Embryo b i s e c t i o n  has g e n e r a t e d  a g r e a t  dea l  o f  i n t e r e s t  among 
commercial embryo t r a n s p l a n t  s t a t i o n s .  As p rocedu res  f o r  s p l i t t i n g  
embryos have become more e f f i c i e n t ,  commercial t r a n s p l a n t  u n i t s  began 
i n c o r p o r a t i n g  t h i s  new methodology i n t o  t h e i r  o f f e r i n g s  to  l i v e s t o c k  
p ro d u ce r s .
1
2
E ar ly  S tu d ie s  in  Embryo Micromanipula t ion
The e a r l y  s t u d i e s  in  mammalian embryo m ic rom an ipu la t ion  involved 
e v a l u a t i o n  o f  t h e  developmental  p o t e n t i a l  o f  s i n g l e  b la s tom eres  i s o ­
l a t e d  from e a r l y - s t a g e  embryos.  Pincus (X936) t r a n s p l a n t e d  s i n g l e  
b la s tom eres  o f  2 - c e l l  r a b b i t  embryos to  th e  o v id u c t  o f  a pseudopregnant  
doe and observed  t h e  development o f  normal ,  b u t  small  s i z e  b l a s t o c y s t s .  
In a s i m i l a r  s t u d y ,  Nicholas  and Hall (1942) o b ta in e d  p regnanc ies  from 
th e  i s o l a t e d  b la s to m eres  o f  2 - c e l l  r a t  embryos.  However, none o f  the  
embryos su rv iv e d  beyond day 10 o f  g e s t a t i o n .
Se ide l  (1952) was the  f i r s t  t o  r e p o r t  on th e  b i r t h  o f  l i v e  o f f ­
s p r in g  from micromanipu la ted  embryos.  In t h i s  s t u d y ,  a g l a s s  need le  
was used to  punc tu re  and d e s t r o y  one o f  th e  b la s to m eres  of  2 - c e l l  
r a b b i t  embryos. These s i n g l e  b la s tom ere  embryos were t r a n s p l a n t e d  t o  
r e c i p i e n t  does r e s u l t i n g  in  th e  b i r t h  o f  two normal o f f s p r i n g .  In a 
l a t e r  s t u d y ,  Tarkowski (1959) used a g l a s s  need le  to  punc tu re  and d e s ­
t r o y  one b la s tom ere  of  2 - c e l l  mouse embryos.  The r e s u l t i n g  s i n g l e  
b la s tom ere  embryos were t r a n s f e r r e d  t o  r e c i p i e n t s  and a p o r t i o n  o f  th e  
females were s a c r i f i c e d  on days 5 th rough 15 o f  g e s t a t i o n  to  m on i to r  
f e t a l  development .  Examination o f  th e  f e t u s e s  on days 5 t o  10 r e v e a le d  
t h a t  f e t u s e s  o f  " h a l f "  embryos were about  o n e - h a l f  t h e  s i z e  o f  th e  f e t ­
uses  produced from i n t a c t  embryos.  By day 11 t o  15 o f  g e s t a t i o n ,  how­
e v e r ,  t h e  f e t u s e s  produced from " h a l f "  and i n t a c t  embryos were s i m i l a r  
in  s i z e .  Three r e c i p i e n t  mice c a r r y i n g  " h a l f "  embryo f e t u s e s  were 
a l lowed  t o  go t o  term r e s u l t i n g  in  t h e  b i r t h  o f  s i x  normal o f f s p r i n g .
Daniel  and Takahashi  (1965) f u r t h e r  e v a l u a t e d  t h e  in  v i t r o  
developmental  p o t e n t i a l  o f  s i n g l e  b la s to m eres  o f  r a b b i t  embryos by 
d e s t r o y i n g  a l l  b u t  one b la s tom ere  o f  2 - ,  4 -  and 8 - c e l l  embryos. The
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" h a l f "  and " q u a r t e r "  embryos were observed  t o  r e g u l a r l y  develop  j j i  
v i t r o . Very few o f  th e  " e ig h th "  r a b b i t  embryos developed j j i  v i t r o  
i n d i c a t i n g  t h e r e  was a l i m i t  to  th e  t o t i p o t e n c y  o f  i n d i v id u a l  b l a s t ­
omeres o f  th e  more advanced 8 - c e l l  embryos.  In a l a t e r  s t u d y ,  Moore e t  
a l .  (1968) t r a n s p l a n t e d  i s o l a t e d  b la s tom eres  o f  2 - ,  4 -  and 8 - c e l l  r a b ­
b i t  embryos and r e p o r t e d  t h a t  11 t o  30% could  s u rv iv e  in  vivo  t o  p ro ­
duce v i a b l e  o f f s p r i n g .  I t  was concluded t h a t  s u r v i v a l  o f  t h e  micro­
manipu la ted  r a b b i t  embryos in vivo was dependent  on th e  p resence  o f  a 
nea r  i n t a c t  zona p e l l u c i d a .
The s t u d i e s  mentioned above p rov ided  ev idence  t h a t  th e  in d iv id u a l  
b la s tom eres  o f  e a r l y - s t a g e  mammalian embryos were t o t i p o t e n t  and the  
p o t e n t i a l  e x i s t e d  f o r  t h e  p ro d u c t io n  o f  m u l t i p l e  o f f s p r i n g  from a 
s i n g l e  embryo. The te chn ique  o f  s e l e c t i v e  d e s t r u c t i o n  o f  b las tom eres  
used in th e s e  s t u d i e s ,  however,  had th e  l i m i t a t i o n  t h a t  a l l  o f  th e  
b la s tom eres  were n o t  a v a i l a b l e  t o  produce o f f s p r i n g .  The p roduc t ion  o f  
m u l t i p l e  o f f s p r i n g  from a s i n g l e  embryo would r e q u i r e  th e  s e p a r a t i o n  of  
b la s tom eres  i n t o  two or  more groups to  produce  two o r  more embryos.
Moore e t  a l . (1969) s e p a r a t e d  th e  b la s to m eres  o f  4 -  and 6 - c e l l  
p o rc in e  embryos and i n j e c t e d  th e s e  in d i v id u a l  b la s to m eres  i n t o  evacu­
a t e d  zonae p e l l u c i d a e .  However, none o f  t h e  micromanlpu la ted  embryos 
su rv ived  i n  v i v o . In t h e  same s tu d y ,  t h e  developmental  p o t e n t i a l  o f  
i s o l a t e d  b la s tom eres  were a l s o  e v a lu a te d  by d e s t r o y i n g  a l l  bu t  one 
b la s tom ere  o f  4 -  and 6 - c e l l  p o rc in e  embryos. T h i r t y - f i v e  p e r c e n t  o f  
th e s e  embryos d id  s u rv iv e  iji v i v o . I t  was n o te d ,  as  w i th  r a b b i t  
embryos, t h a t  p o rc in e  embryos only  su rv iv ed  i n  v ivo  when th e  zonae 
p e l l u c i d a e  were nea r  i n t a c t .  The i n j e c t i o n  o f  in d i v id u a l  b la s tom eres
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i n t o  s e p a r a t e  zonae p e l l u c i d a e  l i k e l y  r e s u l t e d  in  too  much damage to  
th e  zona p e l l u c i d a  f o r  the  embryos to  s u r v i v e .
Other  s t u d i e s  showed t h a t  th e  in  v ivo s u r v i v a l  o f  precompaction­
s t a g e  mouse embryos (Bronson and McLaren, 1970; Modi i n s k i ,  1970) and 
sheep embryos (Trounson and Moore, 1974) was dependent  on the  presence  
o f  a n ea r  i n t a c t  zona p e l l u c i d a .  The poor s u r v iv a l  in  vivo  o f  micro­
manipu la ted  p recom pac t ion -s t age  embryos (w i th o u t  an i n t a c t  zona p e l l u -  
c id a )  has been a t t r i b u t e d  to  d i s a g g r e g a t i o n  o f  t h e  embryonic c e l l s  
(Bronson and McLaren, 1970; Willadsen  and F e h i l l y ,  1983),  invas ion  and 
d e s t r u c t i o n  o f  th e  b la s tom eres  by l e u c o c y te s  (Moore e t  a l . ,  1968) and 
d e t r i m e n t a l  e f f e c t s  due to  d i r e c t  c o n t a c t  o f  t h e  embryonic c e l l s  with  
th e  u t e r i n e  endometrium (M odi insk i ,  1970).
The i n a b i l i t y  o f  p recom pac t ion -s t age  embryos to  s u rv iv e  in  vivo 
w i thou t  a nea r  i n t a c t  zona p e l l u c i d a  became a major  o b s t a c l e  to  micro- 
m a n ipu la t ion  s t u d i e s  with  e a r l y - s t a g e  embryos. This  o b s t a c l e  was not  
overcome in farm animals  u n t i l  Willadsen  (1979) developed  an agar  
embedding t e ch n iq u e  to  produce an " i n t a c t "  zona p e l l u c i d a  fo l lowing  
embryo m ic rom an ipu la t ion .
B i s e c t io n  o f  Precompaction S tage  Embryos
W illadsen  (1979) f i r s t  r e p o r te d  t h e  use  of  th e  embryo aga r  embed­
ding t e ch n iq u e  f o r  produc ing monozygotic twin  o f f s p r i n g  in  sheep.  In 
t h i s  s tu d y ,  th e  b la s tom eres  o f  2 - c e l l  sheep  embryos were m i c r o s u rg i c a l -  
ly  s e p a r a t e d  and p laced  i n t o  evacua ted  zonae p e l l u c i d a e .  The s i n g l e  
b la s tom ere  embryos were then  p laced  i n t o  a l i q u i d  s o l u t i o n  o f  1% agar  
and a s p i r a t e d  w i th  th e  a g a r  s o l u t i o n  i n t o  a p i p e t t e  w i th  a d iamete r  
s l i g h t l y  l a r g e r  than  th e  zona p e l l u c i d a  o f  t h e  embryo. A f t e r  th e  aga r
5
s o l u t i o n  s o l i d i f i e d ,  t h e  a g a r  embedded embryos were e x p e l l e d  i n t o  a 
l i q u i d  s o l u t i o n  o f  1.2% a g a r .  The a g a r  embedded embryos were again  
a s p i r a t e d  i n t o  a l a r g e r  bore p i p e t t e  and e x p e l l e d  a f t e r  t h e  ag a r  s o l i d ­
i f i e d .  This  procedure  produced a double  c y l i n d e r  o f  a g a r  su r rounding  
th e  exper im en ta l  embryos. The double  a g a r  embedded embryos were then 
t r a n s f e r r e d  to  th e  l i g a t e d  o v id u c t  o f  an a n e s t r o u s  ewe f o r  3 .5  to  4 .5  
days o f  j n  s i t u  c u l t u r e .  A f t e r  the  j n  v ivo c u l t u r e  p e r i o d ,  th e  embryos 
were r ecove red  from th e  temporary  r e c i p i e n t ,  removed from th e  a g a r  and 
examined. For ty  embryos were recove red  from th e  r e c i p i e n t  and 35 
( i n c l u d i n g  16 monozygotic p a i r s )  had developed normal ly  t o  th e  l a t e  
morula and b l a s t o c y s t  s t a g e s  o f  development.  The 16 monozygotic embryo 
p a i r s  were t r a n s f e r r e d  t o  16 r e c i p i e n t  ewes r e s u l t i n g  in t h e  b i r t h  o f  
f i v e  s i n g l e  and f i v e  monozygotic twin  lambs.
In a second s tu d y ,  Willadsen  (1980) m i c r o s u r g i c a l l y  s e p a r a t e d  th e  
b la s tom eres  o f  2 - ,  4 -  and 8 - c e l l  sheep embryos t o  produce " h a l f "  em­
bryos o f  one ,  two and f o u r  b la s t o m e r e s ,  r e s p e c t i v e l y .  The " h a l f "  
embryos were a g a r  embedded and c u l t u r e d  in  v i v o , as  was done in  the  
f i r s t  s tu d y .  Following th e  in  vivo  c u l t u r e ,  30 " h a l f "  embryos were 
s e l e c t e d  f o r  t r a n s f e r  to  r e c i p i e n t s  and 12 embryos (monozygotic tw ins  
t o  12 o f  t h e  embryos t r a n s f e r r e d )  were c ry o p re s e rv e d  and s t o r e d  in 
l i q u i d  n i t r o g e n .  A f t e r  1 t o  2 months o f  s t o r a g e ,  t h e  c ry o p re s e rv e d  
embryos were thawed and n ine  o f  t h e s e  embryos were t r a n s f e r r e d  t o  
r e c i p i e n t s  r e s u l t i n g  in  t h e  b i r t h  o f  t h r e e  lambs which were monozygotic 
twins  t o  t h r e e  lambs born p r e v i o u s l y .  This  was t h e  f i r s t  r e p o r t  o f  the  
b i r t h  o f  monozygotic tw ins  o f  d i f f e r i n g  age .
In a subsequen t  s tu d y ,  W i l ladsen  and Polge  (1981) s e p a r a t e d  the  
b la s tom eres  o f  8 - c e l l  bovine embryos i n t o  " q u a r t e r "  embryos o f  two
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b las tom eres  each .  Following a g a r  embedding and in  v ivo  c u l t u r e ,  34 
(77%) o f  t h e  " q u a r t e r "  embryos had developed  to  form b l a s t o c y s t s .  
Twenty-s ix  " q u a r t e r "  b l a s t o c y s t s  were t r a n s f e r r e d  t o  r e c i p i e n t  h e i f e r s  
r e s u l t i n g  in  t h e  b i r t h  o f  two s e t s  o f  monozygotic t w i n s ,  one s e t  of  
monozygotic t r i p l e t s  and a s i n g l e  c a l f .  A lso ,  W i l ladsen  e t  a l .  (1981) 
used th e  b la s to m ere  s e p a r a t i o n  and a g a r  embedding te c h n iq u e s  to  produce 
twin c a l v e s  from n o n - s u r g i c a l l y  c o l l e c t e d  day-5 t o  day-6  bovine em­
b ryos .  W illadsen  (1982) l a t e r  used h i s  embryo m ic rom an ipu la t ion  t e c h ­
niques to  produce twin  f o a l s  from s i n g l e  b la s tom eres  o f  4 - c e l l  embryos 
and twin p i g l e t s  from b la s tom ere  s e p a r a t e d  2 -  and 4 - c e l l  embryos.
Although th e  agar-embedding techn ique  has been shown t o  be an ex­
c e l l e n t  method f o r  t h e  m ic rom an ipu la t ion  and c u l t u r e  o f  e a r l y - s t a g e  
embryos,  t h i s  procedure  i s  g e n e r a l l y  c o n s id e re d  by most  n o t  t o  be 
p r a c t i c a l  enough f o r  r o u t i n e  u se .  The procedure  i s  t ime comsuming, 
l a b o r  i n t e n s i v e  and u s u a l l y  r e s u l t s  In some embryo l o s s  when th e  em­
bryos a r e  recove red  fo l lo w in g  in  v ivo c u l t u r e .  In o r d e r  to  be more 
p r a c t i c a l ,  p rocedures  f o r  b i s e c t i n g  embryos were r e q u i r e d  which would 
a l low  f o r  e f f i c i e n t  b i s e c t i o n  o f  n o n - s u r g i c a l l y  c o l l e c t e d  day-6 to  
day-8 embryos and which would a l lo w  immediate t r a n s f e r  i n t o  r e c i p i e n t  
an im a ls .  In 1982,  t h r e e  independent  r e s e a r c h  groups r e p o r t e d  on micro­
m a n ip u la t io n  te c h n iq u e s  f o r  n o n - s u r g 1 c a l l y  c o l l e c t e d  l a t e r - s t a g e  bovine 
embryos (Ozil  e t  a l . ,  1982; Wil l iams e t  a l . ,  1982; Lambeth e t  a l . ,  
1982).
B i s e c t io n  o f  Pos tcompaction S tage  Embryos
Ozil  e t  a l .  (1982) d e s c r ib e d  a t e ch n iq u e  us ing  s i x  m i c r o i n s t r u ­
ments to  b i s e c t  bovine embryos.  Two g l a s s  m ic ro n eed le s  were used to
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open t h e  zona p e l l u c i d a ,  and a g l a s s  t r a n s f e r  p i p e t t e  was used to  
remove th e  embryonic c e l l  mass from the  zona p e l l u c i d a .  The zona 
p e l l u c i d a - f r e e  embryo was b i s e c t e d  on a v e r t i c a l  p lane  with  a micro­
s c a lp e l  w h i le  r e s t i n g  on th e  f l o o r  o f  th e  microm an ipu la t ion  v e s s e l .  The 
ha lves  were r e p la c e d  i n t o  evacua ted  zonae p e l l u c i d a e  with  t h e  t r a n s f e r  
p i p e t t e .  Using th e s e  microm an ipu la t ion  p ro c e d u re s ,  14 e a r l y  b l a s t o ­
c y s t s  were b i s e c t e d  and t r a n s f e r r e d  n o n - s u r g i c a l l y  t o  14 r e c i p i e n t s ,  
r e s u l t i n g  in  a pregnancy r a t e  o f  64.2% and a tw inning  r a t e  o f  66.6%.
In th e  same y e a r ,  Will iams e t  a l .  (1982) d e s c r ib e d  a p rocedure  f o r  
s p l i t t i n g  t h e  embryo whi le  in  th e  zona p e l l u c i d a .  This  method used a 
r a z o r  b lade  ch ip  mounted with  g lue  (Super Glue) on a g l a s s  c a p i l l a r y  
tube  t o  b i s e c t  t h e  i n t a c t  embryo. A g l a s s  p i p e t t e  was then  used to  
t r a n s f e r  each o f  t h e  " h a l f "  embryos (demi-embryos) t o  evacua ted  zonae 
p e l l u c i d a e .  In t h i s  s tu d y ,  20 bovine embryos (morula to  e a r l y  b l a s t ­
o c y s t  s t a g e )  were b i s e c t e d  and t r a n s f e r r e d  as demi-embryo p a i r s  e i t h e r  
s u r g i c a l l y  o r  n o n - s u r g i c a l l y  t o  20 r e c i p i e n t  c a t t l e .  Fourteen  s u r g i c a l  
and s i x  n o n - s u r g i c a l  t r a n s f e r s  r e s u l t e d  1n pregnancy r a t e s  o f  64% and 
17%, r e s p e c t i v e l y .
Also in  1982,  Lambeth e t  a l .  (1982) d e s c r ib e d  an embryo b i s e c t i o n  
p rocedure  f o r  n o n - s u r g i c a l l y  c o l l e c t e d  bovine  embryos. With t h i s  
method, a f i n e  g l a s s  need le  was used t o  make a r e n t  1n t h e  zona p e l ­
l u c i d a .  The embryonic c e l l  mass was removed w i th  th e  same f l e x i b l e  
g l a s s  need le  and b i s e c t e d  on a v e r t i c a l  p lane  w h i le  r e s t i n g  on th e  
bottom o f  th e  p e t r i  d i s h .  A g l a s s  t r a n s f e r  p i p e t t e  was used t o  t r a n s ­
f e r  each demi-embryo t o  a s e p a r a t e  evacua ted  zona p e l l u c i d a .  In t h i s  
s tu d y ,  e i g h t  demi-embryo p a i r s  and s i x  in d iv id u a l  demi-embryos were 
t r a n s f e r r e d  n o n - s u r g i c a l l y  to  14 bee f  r e c i p i e n t s .  The twin  demi-embryo
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t r a n s f e r s  r e s u l t e d  in a pregnancy r a t e  o f  62.5% and th e  s i n g l e  demi- 
embryo t r a n s f e r s  r e s u l t e d  in  a pregnancy r a t e  o f  16.6%.
At p r e s e n t ,  t h e  more s i m p l i f i e d  method d e s c r ib e d  by Will iams e t  
a l .  (1982) has become more widely  adap ted  f o r  use by r e s e a r c h e r s  and 
embryo t r a n s p l a n t  u n i t s  than  th e  o t h e r  p ro c e d u re s .  However, embryo 
b i s e c t i o n  us ing  th e  m ic ro s u rg i c a l  b lade  t e ch n iq u e  on zona p e l l u c i d a  
i n t a c t  (Chesne e t  a l . ,  1987) o r  on zona p e l l u c i d a - f r e e  bovine embryos 
( P i c a r d  e t  a l . ,  1986) r e s u l t s  in  d e s t r u c t i o n  o f  15% or  more o f  the  
embryonic c e l l s .  In a r e c e n t  comparat ive s tu d y ,  Mertes and Bondioli  
(1985) have sugges ted  t h a t  t h e  b i s e c t i o n  techn ique  us ing  a f i n e  g l a s s  
need le  (Lambeth e t  a l . ,  1982) may cause l e s s  embryonic c e l l  damage than  
th e  m i c r o s u rg i c a l  b lade  techn ique  (Wil l iams e t  a l . ,  1982).
Unti l  r e c e n t l y ,  th e  embryo b i s e c t i o n  t e ch n iq u e  o f  Ozil  e t  a l .  
(1982) has had th e  d i s ad v an tag e  o f  r e q u i r i n g  s i x  m ic ro in s t rum en ts  to  
b i s e c t  an embryo.  Massip e t  a l .  (1986) has r e p o r t e d  a m o d i f i c a t i o n  of  
t h e  procedure  which only  r e q u i r e s  two m ic ro in s t ru m e n ts .  With t h i s  
p ro ced u re ,  th e  zona p e l l u c i d a - i n t a c t  embryo i s  p o s i t i o n e d  on the  bottom 
o f  t h e  m ic rom anipu la t ion  v e s s e l  w i th  a s u c t i o n  p i p e t t e  w h i le  a micro­
s u r g i c a l  b lade  i s  lowered v e r t i c a l l y  t o  b i s e c t  t h e  embryo. In the  
l a t t e r  s t u d y ,  80% o f  t h e  demi-embryos produced us ing  t h i s  b i s e c t i o n  
method showed f u r t h e r  development in  v i t r o . The t r a n s f e r  o f  12 demi- 
embryo p a i r s  t o  12 bovine r e c i p i e n t s  r e s u l t e d  in  f o u r  twin  and two 
s i n g l e  p r e g n a n c ie s .
A s i m p l i f i e d  method f o r  b i s e c t i n g  morula t o  ha tched  b l a s t o c y s t -  
s t a g e  ovine  embryos has been r e p o r t e d  (W il ladsen  and Godke, 1984),  
which i s  r e a d i l y  a d a p t a b l e  f o r  bovine  embryos.  This  p rocedure  uses  a 
f i n e  g l a s s  n eed le  to  p e n e t r a t e  and to  b i s e c t  zona p e l l u c i d a - i n t a c t
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morulae o r  b l a s t o c y s t s  and zona p e l l u c i d a - f r e e  ha tched  b l a s t o c y s t s .
The o v e r a l l  t r a n s f e r  pregnancy r a t e  in sheep  us ing  t h i s  procedure was 
89%. More r e c e n t l y ,  a s i m p l i f i e d  t e ch n iq u e  f o r  b i s e c t i n g  l a t e r - s t a g e  
farm animal embryos was r e p o r t e d  by Ror ie  e t  a l .  (1985) .  Th is  t e c h ­
n ique  a l lows  f o r  r a p id  b i s e c t i o n  o f  i n t a c t  embryos w i th o u t  th e  use o f  a 
commercial microm an ipu la t ion  u n i t .  With t h i s  method,  an i n t a c t  embryo 
i s  p laced  in  a small drop o f  ho ld ing  medium on a microscope s l i d e ,  and 
a r a z o r  b lade  he ld  by a p a i r  o f  hemostat s  i s  used t o  b i s e c t  the  embryo. 
In t h i s  s tu d y ,  98% o f  th e  i n t a c t  bovine  embryos were s u c c e s s f u l l y  
b i s e c t e d  us ing  t h i s  r a z o r  b lade  method. This  new method i s  s imple to  
e x e c u t e ,  ine x p en s iv e  and easy  to  l e a r n .
F a c t o r s  A f f e c t i n g  Pregnancy Rates  f o r  B isec ted  Embryos.
R e c e n t ly ,  r e s e a r c h  e f f o r t s  have been d i r e c t e d  toward i d e n t i f y i n g  
f a c t o r s  t h a t  c o n t r i b u t e  t o  optimal  pregnancy r a t e s  from b i s e c t e d  em­
b ry o s .  Exper ience  has shown t h a t ,  w ith  p rope r  t e c h n iq u e ,  e x c e l l e n t  and 
good q u a l i t y  embryos (g rades  1 and 2) a r e  s u i t a b l e  f o r  b i s e c t i o n .  The 
t r a n s f e r  o f  demi-embryos produced from e i t h e r  e x c e l l e n t  or  good q u a l i t y  
embryos has been shown t o  r e s u l t  in  pregnancy r a t e s  s i m i l a r  t o  t h a t  ob­
t a i n e d  w i th  i n t a c t  embryos o f  th e  same q u a l i t y  (Voelkel  e t  a l . ,
1984b,c ;  Baker e t  a l . ,  1984; Takeda e t  a l . ,  1986) .  Pregnancy r a t e s  
expec ted  from s i n g l e  demi-embryos n o n - s u r g i c a l l y  t r a n s p l a n t e d  t o  
in d i v id u a l  r e c i p i e n t  females  u s u a l l y  range from 45 t o  65% (Baker and 
Shea,  1985; Takeda e t  a l . ,  1986; Lelbo and R a i l ,  1987).
S tu d ie s  have shown t h a t  when embryos a r e  b i s e c t e d  i n t o  " q u a r t e r "  
embryos from precompaction (W il ladsen  e t  a l . ,  1981) o r  pos tcompaction­
s t a g e  embryos (Voelkel  e t  a l . ,  1985b; 1986) lower u t e r i n e  s u r v iv a l
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o c c u r s .  I t  has been sugges ted  t h a t  a s i n g l e  " q u a r t e r "  embryo i s  l e s s  
l i k e l y  t o  produce a s u f f i c i e n t  l u t e o t r o p h i c  s ig n a l  t o  p rev en t  l u t e a l  
r e g r e s s i o n  in  the  r e c i p i e n t  female (W il ladsen  e t  a l . ,  1981).  C orre ­
sp o n d in g ly ,  t h e  reduced s i z e  o f  the  deve lop ing  b l a s t o c y s t  from a "quar ­
t e r "  embryo may lack  s u f f i c i e n t  embryonic c e l l s  in  th e  i n n e r  c e l l  mass 
to  form a v i a b l e  embryo. R ece n t ly ,  Voelkel e t  a l .  (1986) b i s e c t e d  
c u l t u r e d  b l a s t o c y s t s  t h a t  had been d e r iv e d  from bovine demi-embryos.
In t h i s  c a s e ,  only  17.6% of  the  " q u a r t e r "  embryos d e r iv e d  from c u l t u r e d  
demi-embryos produced a second b l a s t o c y s t  in c u l t u r e .
E f f o r t s  have been made t o  e v a l u a t e  th e  optimal s t a g e  o f  morpho­
l o g i c a l  development t o  b i s e c t  bovine embryos f o r  t r a n s f e r .  S i m i l a r  
pregnancy r a t e s  have been r e p o r t e d  f o r  bovine demi-embryos produced 
from l a t e  morula and b l a s t o c y s t  s t a g e  embryos (Will iams e t  a l . ,  1984; 
Takeda e t  a l . ,  1986).  However, pregnancy r a t e s  from demi-embryos pro­
duced from e a r l y  morulae have been r e p o r t e d  to  be s i g n i f i c a n t l y  lower 
than  pregnancy r a t e s  r e s u l t i n g  from demi-embryos produced from e a r l y  
b l a s t o c y s t s  (Wil l iams e t  a l . ,  1984).  These r e s u l t s  s u g g e s t  t h a t  e a r l y  
morulae a r e  l e s s  s u i t a b l e  f o r  b i s e c t i o n .
The zona p e l l u c i d a  appears  t o  have l i t t l e  e f f e c t  on th e  .in v ivo 
s u r v iv a l  o f  demi-embryos produced from l a t e  morula t o  b l a s t o c y s t - s t a g e  
bovine embryos.  S tu d ie s  have shown t h a t  t h e  number o f  p regnanc ie s  pro­
duced from bovine  demi-embryos p laced  i n t o  th e  o r i g i n a l  zona p e l l u c i d a  
were s i m i l a r  t o  th o s e  p laced  in  f o r e i g n  zona p e l l u c i d a  (Wil l i ams e t  
a l . ,  1984; Takeda e t  a l . ,  1986).
In c o n t r a s t ,  Baker and Shea (1985) have noted  a lower  pregnancy 
r a t e  from demi-embryos p laced  i n t o  s u r r o g a t e  zona p e l l u c i d a  than  f o r  
demi-embryos l e f t  in  th e  o r i g i n a l  zona p e l l u c i d a  (58% v s .  74%). Baker
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and Shea (1985) sugges ted  t h a t  th e  lower pregnancy r a t e  was l i k e l y  due 
to  i n j u r y  t o  th e  “h a l f "  embryos d u r ing  t h e i r  t r a n s f e r  i n t o  th e  f o r e ig n  
zona p e l l u c i d a .  Fur the rm ore ,  i t  was mentioned t h a t  in  19 o f  23 cases  
where th e  demi-embryos were r eco rded  as  p r o p o r t i o n a t e l y  uneven,  the  
s m a l l e r  h a l f  was t r a n s f e r r e d  t o  th e  f o r e ig n  zona p e l l u c i d a .  However, 
th e  d i s p o r p o r t i o n a t e  s i z e  may n o t  e x p l a in  t h e  lower pregnancy r a t e s  
s in c e  pregnancy r a t e s  have been r e p o r t e d  t o  be s i m i l a r  f o r  demi-embryos 
which a r e  s l i g h t l y  d i f f e r e n t  in  s i z e  ( P i c a r d  e t  a l . ,  1986).
I t  i s  im por tan t  to  no te  t h a t  o t h e r  s t u d i e s  have shown t h a t  l a t e r -  
s t a g e  zona p e l l u c i d a - f r e e  demi-embryos s u rv iv e  in v ivo  as well  as  demi- 
embryos encased  in  a zona p e l l u c i d a  p r i o r  t o  t r a n s f e r  (Voelkel  e t  a l . ,  
1984b; W ar f i e ld  e t  a l . ,  1986).  Although th e  zona p e l l u c i d a  may n o t  be 
r e q u i r e d  f o r  j n  v ivo s u r v i v a l ,  t h e r e  i s  a p r a c t i c a l  reason  f o r  r e p l a c ­
ing  th e  demi-embryos i n t o  a zona p e l l u c i d a  p r i o r  t o  t r a n s f e r .  The zona 
p e l l u c i d a  makes th e  demi-embryo r e a d i l y  i d e n t i f a b l e  to  t h e  t e c h n i c i a n  
load ing  th e  embryos i n t o  p l a s t i c  s t raw s  f o r  t r a n s f e r  to  r e c i p i e n t s  and 
may p r o t e c t  th e  embryo d u r ing  t h e  a c t u a l  t r a n s f e r  p rocess  (S .  Leibo,  
pe rsona l  communica tion) .
The h i g h e s t  pregnancy and twinning  r a t e s  have been o b ta in e d  when 
demi-embryo p a i r s  a r e  t r a n s f e r r e d  to  a r e c i p i e n t  r a t h e r  than  a s i n g l e  
demi-embryo ( O z i l ,  1983; Lambeth e t  a l . ,  1983; Baker and Shea,  1985) .  
Pregnancy r a t e s  have been r e p o r t e d  to  be s i m i l a r  when demi-embryo p a i r s  
a r e  t r a n s f e r r e d  to  t h e  same u t e r i n e  horn o r  when one demi-embryo i s  
t r a n s f e r r e d  to  each u t e r i n e  horn (Baker and Shea,  1985).
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C ry o p re s e rv a t io n  o f  Demi-Embryos
Embryos a r e  r o u t i n e l y  b i s e c t e d  as soon as  p o s s i b l e  a f t e r  c o l l e c ­
t i o n  and then  t r a n s f e r r e d  t o  r e c i p i e n t s .  E f f o r t s  have been made to  
e v a l u a t e  t h e  p o s s i b i l i t y  o f  b i s e c t i n g  f rozen- thawed  embryos and(or)  
f ro zen  s t o r a g e  o f  b i s e c t e d  embryos. W i l ladsen  (1980) was the  f i r s t  t o  
s u c c e s s f u l l y  c r y o p re s e rv e  demi-embryos o f  farm an im a ls .  Twelve sheep 
b l a s t o c y s t s  produced by b la s tom ere  s e p a r a t i o n  and jin v ivo c u l t u r e  o f  2-  
t o  8 - c e l l  sheep embryos were c ry o p re se rv ed  f o r  30 t o  60 days .  Nine 
demi-embryos (75%) su rv iv ed  c r y o p r e s e r v a t i o n  and were t r a n s f e r r e d  to  
f i v e  r e c i p i e n t  ewes, r e s u l t i n g  in two ewes lambing t o  produce t h r e e  
f rozen- thaw ed  t r a n s p l a n t  lambs.  These lambs were monozygotic twins  to  
t h r e e  lambs born 30 to  60 days p r e v io u s l y .
In c a t t l e ,  Lehn-Jensen and Wi l ladsen  (1983) a t te m p te d  t o  c ry o p re ­
se rve  " h a l f "  and " q u a r t e r "  bovine  embryos produced by b la s tom ere  sepa­
r a t i o n ,  a g a r  embedding and i_n v ivo c u l t u r e  in  th e  l i g a t e d  o v id u c t s  o f  
ewes p r i o r  t o  f r e e z i n g .  The t r a n s f e r  o f  s i x  monozygotic p a i r s  o f  
" h a l f "  embryos to  r e c i p i e n t s  r e s u l t e d  in  th e  b i r t h  o f  f o u r  p a i r s  o f  
monozygotic c a l v e s .  E igh t  o f  16 monozygotic " h a l f "  embryo p a i r s  (50%) 
and t h r e e  o f  f i v e  monozygotic " q u a r t e r "  embryo p a i r s  f ro z e n  were 
co n s id e re d  v i a b l e  p o s t - th a w .  O v e r a l l ,  16 monozygotic p a i r s  were 
c r y o p r e s e r v e d ,  bu t  only  f o u r  p a i r s  o f  monozygotic c a l v e s  were produced.  
Four f rozen- thaw ed  " q u a r t e r "  embryos were t r a n s f e r r e d  b u t  none o f  th e s e  
r e s u l t e d  in  a pregnancy .  The r e s u l t s  from t h i s  p r e l i m i n a r y  s tudy  sug­
g e s te d  t h a t  f rozen- thawed  " h a l f "  embryos were l e s s  v i a b l e  than f r e s h  
" h a l f "  embryos, and t h a t  1 t  may no t  be f e a s i b l e  t o  produce  o f f s p r i n g  
from f rozen- thawed  " q u a r t e r "  embryos.
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Heyman (1985) b i s e c t e d  f rozen- thawed  day-8  bovine b l a s o t c y s t s  and 
r e p o r t e d  pregnancy r a t e s  o f  20% a t  90 days o f  g e s t a t i o n  f o r  20 demi- 
embryos as compared w i th  a 36% pregnancy r a t e  f o r  11 demi-embryos p ro ­
duced from f r e s h  b l a s t o c y s t s .  I t  was i n d i c a t e d  t h a t  th e  lower preg­
nancy r a t e  f o r  th e  demi-embryos produced from frozen- thawed  embryos 
could  p o s s i b l y  be a t t r i b u t e d  t o  a r e d u c t io n  in  t h e  l u t e o t r o p h i c  s igna l  
o f  the  b i s e c t e d  f rozen- thawed  embryos.
In a very  r e c e n t  s t u d y ,  Massip e t  a l .  (1987) compared the  v i a b i l ­
i t y  o f  bovine  demi-embryos f ro zen  by a conven t iona l  method o r  th e  v i t ­
r i f i c a t i o n  method o f  Rail  and Fahy, (1985) . Six monozygotic p a i r s  o f  
demi-embryos were c ry o p re se rv ed  us ing  p h o sp h a te -b u f f e r e d  s a l i n e  with  
10% g ly c e ro l  and 20 monozygotic p a i r s  o f  demi-embryos were c ry o p r e s e r v ­
ed in  a v i t r i f i c a t i o n  s o l u t i o n  o f  25% g ly c e ro l  and 25% propanedio l  in  
phospha te -  b u f f e r e d  s a l i n e .  The s i x  p a i r s  of  demi-embryos c r y o p r e s e r v ­
ed by conven t iona l  methods were t r a n s f e r r e d  t o  s i x  r e c i p i e n t s ,  r e s u l t ­
ing in  t h e  b i r t h  o f  a s i n g l e  c a l f .  The 20 demi-embryo p a i r s  c ry o p re ­
served  by v i t r i f i c a t i o n  were t r a n s f e r r e d  as p a i r s  t o  20 r e c i p i e n t s  
r e s u l t i n g  in th e  b i r t h  o f  e i g h t  c a lv e s  ( i n c l u d i n g  two monozygotic 
p a i r s ) .
Embryo b i s e c t i o n  has p o t e n t i a l  uses  o t h e r  than  i n c r e a s i n g  the  
number o f  o f f s p r i n g  from a s i n g l e  embryo.  An example o f  t h i s  i s  embryo 
se x in g ,  where h a l f  o f  th e  embryo i s  sexed and th e  remain ing  h a l f  i s  
t r a n s f e r r e d  to  a r e c i p i e n t  (Nakagowa e t  a l . ,  1985; P ic a rd  e t  a l . ,
1985).  In a r e c e n t  s t u d y ,  White e t  a l .  (1987) b i s e c t e d  bovine  embryos 
and sexed one demi-embryo o f  th e  p a i r  u s ing  an H-Y a n t ib o d y  p rocedure .  
Then each demi-embryo o f  th e  p a i r  was t r a n s f e r r e d  t o  a d i f f e r e n t  r e c i p ­
i e n t  an im al .  The success  r a t e  f o r  s ex in g  was 90%, and t h e r e  was no
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s i g n i f i c a n t  d i f f e r e n c e  in  pregnancy r a t e s  between th e  sexed and c o n t ro l  
demi-embryos (47% vs .  44%).
The b i s e c t i o n  methods d e s c r ib e d  by Ozil  e t  a l . ,  (1982) ,  Lambeth e t  
a l .  (1982) and Will iams e t  a l .  (1982) have been s u c c e s s f u l l y  adapted  
f o r  use by r e s e a r c h e r s  and th e  commercial embryo t r a n s p l a n t  i n d u s t r y .  
Research  has shown t h a t  e x c e l l e n t - t o - g o o d  q u a l i t y  l a t e  morula t o  b l a s t ­
o c y s t  s t a g e  bovine embryos can be s u c c e s s f u l l y  b i s e c t e d  t o  produce 
s p l i t - e m b r y o  o f f s p r i n g .  Under optimal c o n d i t i o n s ,  b i s e c t e d  embryos can 
produce pregnancy r a t e s  comparable to  th o s e  ach ieved  with  i n t a c t  em­
bryos from t h e  same c o l l e c t i o n .
Research has shown t h a t  rep lacem en t  o f  t h e  b i s e c t e d  embryo i n t o  a 
zona p e l l u c i d a  p r i o r  t o  t r a n s f e r  i s  n o t  n e c e s s a ry  f o r  l a t e r - s t a g e  
bovine embryos. Optimal pregnancy and tw inning  r a t e s  have been a c h ie v ­
ed th us  f a r  by t r a n s f e r  o f  both  ha lves  o f  a b i s e c t e d  embryo t o  th e  same 
r e c i p i e n t .  In t h i s  c a s e ,  t h e r e  remains a p o t e n t i a l  f o r  problems dur ing  
g e s t a t i o n  and a t  th e  t ime o f  c a l v i n g .  Research i s  needed t o  develop  a 
p rocedure  f o r  produc ing t r a n s p l a n t  o f f s p r i n g  from demi-embryos which 
have been b i s e c t e d  e i t h e r  be fo re  o r  a f t e r  f r e e z i n g .
PART B. IN VITRO CO-CULTURE OF BOVINE EMBRYOS 
I n t r o d u c t i o n
E a r ly  s t u d i e s  i n t o  th e  jjn v i t r o  c u l t u r e  requ i rem en ts  o f  mammalian 
embryos focused  on c u l t u r e  o f  embryos o f  t h e  l a b o r a t o r y  animal s p e c i e s .  
Whit ten (1957) r e p o r t e d  t h a t  2 - c e l l  mouse embryos cou ld  be c u l t u r e d  to  
t h e  b l a s t o c y s t  s t a g e  o f  development in  a s imple  p h y s io lo g i c a l  s a l i n e
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medium c o n t a in in g  bovine serum albumin and l a c t a t e .  This s tudy  l e d  t o  
a number o f  o t h e r  s t u d i e s  i n t o  th e  jin v i t r o  c u l t u r e  requ i rem en ts  o f  
mammalian embryos. A m u l t i t u d e  o f  media and c u l t u r e  systems have been 
e v a l u a t e d  f o r  th e  ijn v i t r o  c u l t u r e  o f  farm animal embryos ( see  reviews 
by B e t t e r i d g e ,  1977; Kane 1978,  1987; Wright  and B o n d io l i ,  1981).  The 
most  s u c c e s s f u l  in  v i t r o  c u l t u r e  systems t o  d a t e  have been c o - c u l t u r e  
systems us ing  " h e lp e r "  c e l l s  d e r iv e d  from b i o l o g i c a l  t i s s u e .
There a r e  two p e r io d s  of  embryonic development in  which jr i v i t r o  
c u l t u r e  i s  o f  p r a c t i c a l  importance  in  farm an im a ls .  The development of  
new embryo t e c h n o lo g ie s  in  farm an imals  such as  1_n v i t r o  f e r t i l i z a t i o n  
{B racke t t  e t  a l . ,  1982),  gene i n j e c t i o n  (Hammer e t  a l . ,  1985) and em­
bryon ic  c lo n in g  (W i l l a d s e n ,  1986) r e q u i r e  t h e  c u l t u r e  o f  ova and (o r )  
very e a r l y  c l e a v a g e - s t a g e  embryos p r i o r  to  t r a n s f e r  to  s u r r o g a t e  f e ­
ma les .  The i n a b i l i t y  t o  a d e q u a te ly  m a in ta in  th e  v i a b i l i t y  o f  e a r l y -  
s t a g e  embryos j_n v i t r o  has been a major  o b s t a c l e  to  th e  f u r t h e r  
development o f  t h e s e  new t e c h n o l o g i e s .
The second p e r io d  o f  embryonic development which i s  o f  p r a c t i c a l  
importance  i s  th e  morula t o  b l a s t o c y s t  s t a g e  o f  development .  Embryo 
t r a n s f e r ,  b i s e c t i o n  and c r y o p r e s e r v a t i o n  a r e  r o u t i n e l y  performed with  
morulae and b l a s t o c y s t s .  A s h o r t - t e r m  c u l t u r e  p e r io d  i s  r e q u i r e d  f o r  
th e  e v a l u a t i o n  o f  embryo v i a b i l i t y  be fo re  t r a n s f e r  t o  r e c i p i e n t s  and 
be fo re  and (o r )  a f t e r  microm an ipu la t ion  and c r y o p r e s e r v a t i o n .  More 
success  has been achieved  in  t h e  j n  v i t r o  c u l t u r e  o f  l a t e r - s t a g e  
embryos than  f o r  th e  c u l t u r e  o f  th e  e a r l y  c l e a v a g e - s t a g e  embryos.
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Co-Culture  Systems
F i b r o b l a s t  Monolayer Co-Culture
C o -c u l tu r e  systems were f i r s t  developed as  an J_n v i t r o  model f o r  
the  s tudy  o f  embryonic development d u r ing  t h e  p r e im p la n t a t i o n  and im­
p l a n t a t i o n  s t a g e s .  Cole and Paul (1965) f i r s t  r e p o r t e d  on the  s u c c e s s ­
fu l  use o f  an i r r a d i a t e d  f e e d e r  l a y e r  o f  HeLa c e l l s  f o r  th e  c u l t u r e  o f  
2 - c e l l  murine embryos t o  th e  b l a s t o c y s t  s t a g e  o f  development .  I t  was 
noted in  t h i s  s tudy  t h a t  a h ig h e r  p e rce n tag e  o f  murine embryos co­
c u l t u r e d  with  HeLa c e l l s  hatched  from th e  zona p e l l u c i d a  than  when 
c u l t u r e d  in  the  c o n t r o l  medium a lo n e  (Waymouth's medium). The hatched 
embryos a t t a c h e d  t o  th e  HeLa c e l l s  and i n i t i a t e d  t r o p h o b l a s t i c  o u t ­
growth.  L a t e r  s t u d i e s  r e p o r t e d  th e  a t tachm en t  and subsequen t  t r o p h o ­
b l a s t i c  outgrowth o f  murine ha tched b l a s t o c y s t s  was not  l i m i t e d  t o  any 
s p e c i f i c  c e l l  t y p e ,  bu t  occured w i th  a v a r i e t y  o f  monolayers o f  t r a n s ­
formed and non- t rans fo rm ed  c e l l  types  (Saloman and Sherman, 1975; Glass 
e t  a l . ,  1979).
The monolayer c o - c u l t u r e  system was f i r s t  e v a l u a t e d  f o r  use in  th e  
in  v i t r o  c u l t u r e  o f  farm animal embryos in  th e  e a r l y  19 8 0 ' s .  Kuzan and 
Wright  (1981) e v a l u a t e d  t h e  use o f  monolayers o f  bovine u t e r i n e  o r  t e s ­
t i c u l a r  f i b r o b l a s t s  f o r  t h e  c u l t u r e  o f  ha tched  p o rc in e  embryos. 
Twenty-one (60%) o f  t h e  ha tched  p o rc ine  embryos a t t a c h e d  to  th e  u t e r i n e  
f i b r o b l a s t  monolayer compared w i th  one a t t a c h i n g  (4%) f o r  hatched p o r ­
c i n e  embryos c u l t u r e d  on th e  t e s t i c u l a r  f i b r o b l a s t  monolayer.  The 
p o rc in e  embryos c u l t u r e d  on th e  u t e r i n e  f i b r o b l a s t  monolayer i n c re a s e d  
in  s i z e  and con t in u ed  t o  p r o l i f e r a t e  f o r  20 days Jji v i t r o .
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In a subsequen t  s tu d y ,  Kuzan and Wright (1982a) conducted two 
exper iments  t o  e v a l u a t e  th e  e f f e c t  o f  bovine u t e r i n e  o r  t e s t i c u l a r  
f i b r o b l a s t s  on th e  j n  v i t r o  development o f  p o rc in e  morulae and b l a s t ­
o c y s t s .  In t h e  f i r s t  exper im en t ,  p o rc ine  morulae were c u l t u r e d  with  
u t e r i n e  f i b r o b l a s t s ,  t e s t i c u l a r  f i b r o b l a s t s ,  u t e r i n e  f i b r o b l a s t  c o n d i t ­
ioned medium o r  th e  c o n t ro l  medium a lone  (MEM medium). No d i f f e r e n c e s  
were no ted between t h e  number o f  p o rc in e  morulae develop ing  t o  t h e  ex­
panded b l a s t o c y s t s  in  th e  u t e r i n e  f i b r o b l a s t ,  MEM-conditioned medium or  
MEM medium t r e a t m e n t s .  In a d d i t i o n ,  th e  c u l t u r e  o f  p o rc in e  morulae 
w ith  a monolayer o f  t e s t i c u l a r  f i b r o b l a s t s  was found t o  suppress  em­
bryon ic  development .
In th e  second exper im en t ,  p o rc ine  b l a s t o c y s t s  were c u l t u r e d  with  
e i t h e r  bovine  u t e r i n e  f i b r o b l a s t s ,  u t e r i n e  f i b r o b l a s t  c o n d i t io n e d  
medium o r  t h e  MEM c o n t ro l  medium a lo n e .  In t h i s  exper im en t ,  a g r e a t e r  
p o r t i o n  o f  t h e  p o rc in e  b l a s t o c y s t s  (56%) developed t o  ha tched b l a s t o ­
c y s t s  when c u l t u r e d  on a u t e r i n e  f i b r o b l a s t  monolayer than  when c u l ­
t u r e d  in  f i b r o b l a s t  c o n d i t io n e d  medium (18%) o r  th e  c o n t ro l  medium 
a lone  (20%). The reason  f o r  t h e  u t e r i n e  monolayer c o - c u l t u r e  system 
being s u p e r i o r  f o r  b l a s t o c y s t - s t a g e  p o rc ine  embryos, bu t  no t  po rc ine  
morulae was n o t  e v i d e n t .  The a u th o r s  sugges ted  t h a t  p o rc ine  morulae 
and b l a s t o c y s t s  d i f f e r  in  t h e i r  in  v i t r o  c u l t u r e  requ i rem en ts  and t h a t  
t h e  u t e r i n e  f i b r o b l a s t  monolayer p rovided  a s u p e r i o r  in  v i t r o  e n v i ro n ­
ment f o r  p o rc in e  b l a s t o c y s t s .
In th e  same y e a r ,  Kuzan and Wright  (1982b) e v a l u a t e d  th e  use o f  a 
bovine  f i b r o b l a s t  monolayer o f  u t e r i n e  o r  t e s t i c u l a r  o r i g i n  f o r  the  
c u l t u r e  o f  bovine moru lae .  In t h i s  s t u d y ,  both  t h e  u t e r i n e  and t e s t i c ­
u l a r  f i b r o b l a s t  monolayer c u l t u r e  systems showed a marked improvement
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over  t h e  f i b r o b l a s t - c o n d i t i o n e d  medium or  MEM c o n t ro l  medium a lo n e .  
Twelve (40%) and 11 (41%) bovine morulae c u l t u r e d  on th e  u t e r i n e  and 
t e s t i c u l a r  f i b r o b l a s t  monolayer ,  r e s p e c t i v e l y ,  ha tched  i n  v i t r o . In 
c o n t r a s t ,  on ly  one morulae (3%) c u l t u r e d  in  MEM a lone  and one (3%) c u l ­
tu r e d  in  f i b r o b l a s t  c o n d i t io n e d  medium ha tched  j n  v i t r o .
S tu d ie s  have been conducted t o  e v a l u a t e  t h e  monolayer c o - c u l t u r e  
system w i th  b i s e c t e d  bovine morulae and b l a s t o c y s t s .  Voelkel e t  a l .  
(1985a) b i s e c t e d  40 day-7 bovine embryos and p laced  one demi-embryo o f  
each demi-embryo p a i r  on a monolayer o f  bovine u t e r i n e  f i b r o b l a s t s  o r  
in  Ham's F-10 c o n t ro l  medium. At t h e  end o f  th e  72-hour  c u l t u r e  p e r ­
io d ,  66% o f  the  demi-embryos c o - c u l t u r e d  on th e  u t e r i n e  f i b r o b l a s t  
monolayer were v i a b l e  compared w i th  30% f o r  t h e  demi-embryos c u l t u r e d  
in Ham's F-10 medium a l o n e .
Baker and Shea (1985) e v a lu a te d  the  use of  a monolayer o f  bovine 
l u t e a l  c e l l s  f o r  th e  c u l t u r e  o f  bovine demi-embryos.  E igh teen  day-7 
bovine  embryos were b i s e c t e d  and one demi-embryo o f  each p a i r  was c u l ­
tu r e d  in  Ham's F-12 medium ( c o n t r o l )  o r  on a l u t e a l  c e l l  monolayer.  
A f t e r  18 hours  o f  j n  v i t r o  c u l t u r e ,  t h r e e  demi-embryos (17%) c u l t u r e d  
on th e  l u t e a l  c e l l  monolayer were v i a b l e  w h i le  seven demi-embryos (39%) 
c u l t u r e d  in  Ham's F-12 medium were c o n s id e re d  v i a b l e .  These f i n d i n g s  
sugges ted  th e  l u t e a l  c e l l s  had a n e g a t iv e  r a t h e r  than  p o s i t i v e  e f f e c t  
on demi-embryo v i a b i l i t y .
U te r in e  endometrium o b ta in e d  from mature cows has r o u t i n e l y  been 
used t o  e s t a b l i s h  u t e r i n e  f i b r o b l a s t  monolayers f o r  t h e  jin v i t r o  
c o - c u l t u r e  of  embryos (Kuzan and Wright  1981,  1982a ,b ;  A l len  and 
W righ t ,  1984; Voelkel e t  a l . ,  1984a ,1985a) .  R e c e n t ly ,  Wlemer e t  a l .  
(1987) e v a l u a t e d  t h e  use o f  a f e t a l  u t e r i n e  f i b r o b l a s t  monolayer ,  p r e -
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pared from th e  u t e ru s  o f  a n e a r - t e rm  f e t u s .  In t h i s  s t u d y ,  an e s t r o g e n  
and p ro g e s te ro n e  p r e - t r e a t e d  f e t a l  u t e r i n e  f i b r o b l a s t  monolayer was 
compared w i th  an u n t r e a t e d  f e t a l  u t e r i n e  f i b r o b l a s t  monolayer and with
t
Ham's F-10 medium a lone  f o r  t h e  c u l t u r e  o f  day 5 .5  to  6 .5  bovine  moru­
l a e .  A f t e r  60 hours o f  j n  v i t r o  c u l t u r e ,  85% and 82% o f  th e  embryos 
c u l t u r e d  on th e  f e t a l  f i b r o b l a s t  monolayer and hormone p r e - t r e a t e d  f i b ­
r o b l a s t  monolayer ,  r e s p e c t i v e l y ,  were co n s id e re d  v i a b l e  compared with  
26% f o r  the  embryos c u l t u r e d  in  Ham's F-10 medium a l o n e .
The r e s u l t s  o f  th e  l a t t e r  s tudy  show t h a t  t h e  f e t a l  f i b r o b l a s t  
monolayer c o - c u l t u r e  system i s  more e f f e c t i v e  than  medium a lone  f o r  the  
c u l t u r e  o f  bovine morulae .  To d a t e ,  f e t a l  u t e r i n e  f i b r o b l a s t s  have no t  
been compared w i th  a d u l t  u t e r i n e  f i b r o b l a s t s  to  de te rm ine  which f i b r o ­
b l a s t  p o p u la t io n  would be more advantageous  f o r  use in  a c o - c u l t u r e  
system.
The mechanism by which th e  monolayer c o - c u l t u r e  system enhances 
embryo v i a b i l i t y  j n  v i t r o  has no t  been de te rm ine d .  F i b r o b l a s t - c o n d i ­
t i o n e d  medium, c o l l e c t e d  from f i b r o b l a s t  c e l l  c u l t u r e s ,  has n o t  been 
shown to  be s u p e r i o r  to  c o n t ro l  medium a lone  f o r  t h e  c u l t u r e  o f  bovine 
(Kuzan and Wright ,  1982b) o r  p o rc in e  embryos (Kuzan and W righ t ,  1981, 
1982a , ;  A l le n  and W righ t ,  1984) .  This  f i n d i n g  would s u g g e s t  the  
b e n e f i c i a l  e f f e c t s  o f  t h e  f i b r o b l a s t  monolayer c o - c u l t u r e  system on 
c o - c u l t u r e d  embryos a r e  n o t  due t o  t h e  s e c r e t i o n  o f  embryot rophic  
s u b s t a n c e s  i n t o  th e  medium, o r  t h a t  any embryonic growth promoting 
s u b s t a n c e s  s e c r e t e d  by f i b r o b l a s t  monolayers a r e  ex t re m e ly  l a b i l e .
Kuzan and Wright  (1982b) have h ypo the s ized  t h a t  f i b r o b l a s t  c e l l s  might  
c h e l a t e  and thus  remove embryotoxic s u b s t a n c e s  from th e  c u l t u r e  medium.
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Allen and Wright  (1984) have dem onst ra ted  t h a t  f i b r o b l a s t  c e l l  t o  
embryo c o n t a c t  was n e c e s s a ry  f o r  enhancement o f  p o rc in e  embryonic 
development j n  v i t r o . In t h i s  s t u d y , 4 - c e l l  t o  m o ru la - s t a g e  p o rc in e  
embryos were c u l t u r e d  on a monolayer o f  p o rc in e  u t e r i n e  o r  ov a r ia n  
f i b r o b l a s t s  o r  c u l t u r e d  on a membrane ( .2 2  um pore d ia m e te r )  t h a t  was 
p laced  d i r e c t l y  over  t h e  f i b r o b l a s t  monolayer.  The membrane al lowed  
f r e e  d i f f u s i o n  o f  c e l l  p roduc ts  w i th o u t  d i r e c t  f i b r o b l a s t  c e l l  t o  em­
bryo c o n t a c t .  The mean c leavage  in d i c e s  o f  th e  p o rc in e  embryos c u l t u r ­
ed in  d i r e c t  c o n t a c t  w ith  e i t h e r  th e  ov a r ia n  o r  u t e r i n e  f i b r o b l a s t s  
were found t o  be t h r e e  t imes  g r e a t e r  than  t h e  c l eavage  in d i c e s  o f  em­
bryos s e p a r a t e d  from the  f i b r o b l a s t  monolayer.
Oviductal  E p i the l ium  Co-Culture
The c o - c u l t u r e  systems d i s c u s s e d  t o  t h i s  p o i n t  have used mono­
l a y e r s  o f  u t e r i n e  o r  t e s t i c u l a r  f i b r o b l a s t  c e l l s .  Rexroad and Powell 
(1986) e v a l u a t e d  t h e  use o f  a monolayer o f  sheep o v id u c t a l  e p i t h e l i a l  
c e l l s  f o r  t h e  s h o r t - t e r m  c u l t u r e  o f  1-  to  8 - c e l l  ov ine  embryos.  The 
embryos were recove red  from donor ewes and c u l t u r e d  f o r  24 hours in 
v i t r o  in  e i t h e r  Ham's F-10 medium (5 m l ) ,  a Ham's F-10 medium microdrop 
(50 y l ) ,  o v i d u c t a l  e p i t h e l i a l  c e l l - c o n d i t i o n e d  medium o r  on th e  o v i ­
d u c ta l  f i b r o b l a s t  monolayer.  A f t e r  t h e  24-hour  c u l t u r e  p e r io d  th e  em­
bryos in  each o f  t h e  t r e a tm e n t s  were t r a n s f e r r e d  t o  r e c i p i e n t  ewes f o r  
7 days o f  in  v ivo c u l t u r e .  At t h e  t ime embryos were a l l o t e d  t o  th e  
c u l t u r e  t r e a t m e n t s ,  a n o t h e r  group o f  1-  to  8 - c e l l  embryos were t r a n s ­
f e r r e d  t o  r e c i p i e n t  ewes f o r  i_n v ivo  c u l t u r e .  These embryos were a l s o  
recove red  7 days l a t e r  f o r  comparison w i th  t h e  in  v i t r o  c u l t u r e d  
embryos.  The mean c leavage  index (3 .07 )  o f  t h e  embryos c u l t u r e d  on th e
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o v id u c ta l  monolayer f o r  24 hours  was found t o  be s i m i l a r  to  th e  mean 
c leavage  index (3 .68 )  of  th e  embryos t r a n s f e r r e d  immediate ly  to  r e c i p ­
i e n t  ewes fo l low ing  r ecove ry  from th e  donor an im a ls .  These r e s u l t s  
i n d i c a t e  t h a t  th e  o v id u c ta l  c e l l  monolayer i s  adequa te  f o r  s h o r t - t e r m  
(24 hour)  c u l t u r e  o f  e a r l y  c l e a v a g e - s t a g e  ov ine  embryos. The mean 
c le a v a g e  index o f  th e  embryos c u l t u r e s  in  Ham's F-10 medium, a Ham's 
F-10 microdrop and o v id u c ta l  c e l l - c o n d i t i o n e d  medium were . 5 1 ,  2 .03 and 
1 .0 2 ,  r e s p e c t i v e l y .  These r e s u l t s  su g g es t  t h e r e  i s  no advan tage to  t h e  
use o f  o v id u c ta l  f i b r o b l a s t  c e l l - c o n d i t i o n e d  medium over  Ham's F-10 
medium a lone  f o r  t h e  c u l t u r e  o f  1- to  8 - c e l l  ov ine  embryos.
A c o - c u l t u r e  system us ing  d i s p e r s e d  o v id u c t a l  e p i th e l i u m  has a l s o  
been shown t o  be e f f e c t i v e  f o r  th e  c u l t u r e  o f  e a r l y  s t a g e  bovine em­
bryos (Eyes tone  e t  a l . ,  1987).  In t h i s  s t u d y ,  5-  t o  8 - c e l l  bovine 
embryos were c o - c u l t u r e d  w i th  bovine o v id u c t a l  e p i th e l i u m  o r  Ham's F-10 
medium a lone  f o r  4 t o  5 days .  By th e  end o f  c u l t u r e ,  38 o f  the  co­
c u l t u r e d  embryos (46%) had developed to  th e  l a t e  morula o r  b l a s t o c y s t  
s t a g e  w h i le  none o f  t h e  embryos c u l t u r e d  in  Ham's F-10 medium a lone  
developed  beyond 8 to  16 c e l l s .
T ro p h o b l a s t i c  V es ic le  Co-Culture
A s u c c e s s f u l  c o - c u l t u r e  system has been developed w i th  bovine 
t r o p h o b l a s t i c  v e s i c l e s  f o r  th e  c o - c u l t u r e  o f  p recom pac t ion -s t age  
embryos (Camous e t  a l . ,  1984a) .  In t h i s  s t u d y ,  1-  to  8 - c e l l  bovine 
embryos were a s s ig n e d  to  in  v i t r o  c u l t u r e  in  B2 medium (Menezo, 1976) 
o r  in  B2 medium w i th  a t r o p h o b l a s t i c  v e s i c l e  formed from a s e c t i o n  o f  a 
day-14 e lo n g a te d  bovine embryo. The number and p e rce n tag e  o f  t h e  1- 
c e l l ,  2 - c e l l ,  4 - c e l l  and 8 - c e l l  embryos c u l t u r e d  in  B2 medium which
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developed t o  morulae j n  v i t r o  were:  9(18%),  2(8%),  2(17%) and 6(30%), 
r e s p e c t i v e l y .  In t h e  t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  t r e a tm e n t ,  
23(42%), 30(38%),  11(50%) and 23(70%) o f  th e  1 - c e l l ,  2 - c e l l ,  4 - c e l l  and 
8 - c e l l  embryos,  r e s p e c t i v e l y ,  developed t o  morulae .  More o f  the  em­
bryos c o - c u l t u r e d  w i th  t r o p h o b l a s t i c  v e s i c l e s  deve loped t o  morulae,  
r e g a r d l e s s  o f  t h e  i n i t i a l  c e l l  s t a g e  a t  th e  o n s e t  o f  t h e  s tu d y .
O v e r a l l ,  87 o f  th e  1- t o  8 - c e l l  bovine embryos (46%) developed t o  
morulae when c o - c u l t u r e d  with  t r o p h o b l a s t i c  v e s i c l e s  compared with  19 
embryos (18%) when c u l t u r e d  in  B2 medium a l o n e .  The embryos s u c c e s s ­
f u l l y  c o - c u l t u r e d  t o  morulae were t r a n s f e r r e d  t o  r e c i p i e n t s  f o r  f u r t h e r  
c u l t u r e  j n  v i v o . The embryos were recovere d  from th e  r e c i p i e n t s  2 t o  3 
days l a t e r  and th o s e  which had developed t o  b l a s t o c y s t s  were f rozen  and 
l a t e r  thawed f o r  e v a l u a t i o n .  Ten o f  th e s e  f rozen- thaw ed  embryos were 
then  i n d i v i d u a l l y  t r a n s f e r r e d  to  r e c i p i e n t s ,  r e s u l t i n g  in  f o u r  pregnan­
c i e s .
I t  has been r e p o r t e d  by Camous e t  a l .  (1984b) t h a t  1- t o  8 - c e l l  
bovine embryos c u l t u r e d  in  B2 medium w i th o u t  serum supp lem en ta t ion  d id  
no t  deve lop beyond th e  8 -  t o  1 2 - c e l l  developmenta l  b lock  s t a g e  (Thi-  
b a u l t ,  1966) ,  whereas 35% o f  th e  1-  to  8 - c e l l  bovine embryos c u l t u r e d  
in B2 medium with  15% f e t a l  c a l f  serum developed t o  t h e  9-  t o  1 6 -c e l l  
s t a g e s  o f  development.  In t h e  f i r s t  o f  a s e r i e s  o f  e xpe r im en t s ,  Heyman 
e t  a l .  (1987b) c u l t u r e d  1- t o  8 - c e l l  bovine  embryos in  B2 medium with  
15% f e t a l  c a l f  serum, B2 medium w i th  a t r o p h o b l a s t i c  v e s i c l e  or  B2 
medium w i th  15% f e t a l  c a l f  serum and a t r o p h o b l a s t i c  v e s i c l e  to  d e t e r ­
mine th e  r e s p e c t i v e  r o l e s  o f  t r o p h o b l a s t i c  v e s i c l e s  and serum dur ing  
c o - c u l t u r e .  When both  t r o p h o b l a s t i c  v e s i c l e s  and serum were added to  
B2 medium in  th e  c o - c u l t u r e  system,  38 o f  t h e  1 - c e l l  bovine embryos
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(69%) developed beyond th e  developmental  block s t a g e  and 23 (42%) 
developed  to  morulae.  Only 1(5%), 7(10%) and 5(11%) o f  t h e  bovine 
embryos c u l t u r e d  in  B2 medium alone,,  B2 medium w i th  serum and B2 medium 
with  a t r o p h o b l a s t i c  v e s i c l e ,  r e s p e c t i v e l y ,  developed beyond th e  d e v e l ­
opmental block s t a g e .  Nine (13%) and 1 (2%) o f  th e  embryos developing 
beyond th e  developmental  block s t a g e  in B2 medium w i th  serum and B2 
medium with  a t r o p h o b l a s t i c  v e s i c l e ,  r e s p e c t i v e l y ,  con t inued  deve lop­
ment t o  morlae .
In th e  second exp e r im en t ,  1 - c e l l  ov ine  embryos were c u l t u r e d  us ing  
the  same t r e a tm e n t s  as were used in  t h e  f i r s t  e x p e r im en t .  Ovine t r o ­
p h o b l a s t i c  v e s i c l e s  produced from d a y - 12 ovine embryos were used in 
t h i s  exper iment r a t h e r  than  bovine t r o p h o b l a s t i c  v e s i c l e s .  At th e  end 
o f  th e  3-day c u l t u r e  p e r i o d ,  14(29%), 15(35%), 19(68%) and 18(75%) of  
th e  1 - c e l l  ovine embryos c u l t u r e d  in  B2 medium a l o n e ,  B2 medium with  
serum, B2 medium with  a t r o p h o b l a s t i c  v e s i c l e  and B2 medium with  serum 
and a t r o p h o b l a s t i c  v e s i c l e ,  r e s p e c t i v e l y ,  c l eaved  t o  t h e  morula s t a g e  
o f  development.
The r e s u l t s  o f  th e  f i r s t  exper iment  s u g g es t s  t h e r e  i s  a s y n e r g i s ­
t i c  r e l a t i o n s h i p  between t r o p h o b l a s t i c  v e s i c l e s  and serum in  th e  bovine 
c o - c u l t u r e  system. A p rev io u s  s tudy  has shown t h a t  serum albumin s t im ­
u l a t e s  th e  up take  o f  amino a c i d s  by bovine t r o p h o b l a s t i c  v e s i c l e s  (Hey- 
man and Menezo, 1986).  The r e s u l t s  o f  th e  second exper im en t  would i n ­
d i c a t e  t h a t  t h e  a d d i t i o n  o f  serum t o  t h e  ovine t r o p h o b l a s t i c  v e s i c l e  
c o - c u l t u r e  system i s  n o t  n e c e s s a r y  nor  b e n i f i c i a l ,  s i n c e  t h e r e  were no 
d i f f e r e n c e s  in  t h e  number o f  1 - c e l l  ov ine  embryos deve lop ing  to  morulae 
when serum was inc luded  o r  om i t te d  from th e  c u l t u r e  system.
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Unlike t h e  f i b r o b l a s t  monolayer c o - c u l t u r e  system (A llen  and 
W righ t ,  1984),  d i r e c t  c o n t a c t  between t h e  embryo and t r o p h o b l a s t i c  
v e s i c l e  i s  no t  n e c e s s a ry  f o r  t h e  embryot rophic  e f f e c t s  o f  th e  t ro p h o ­
b l a s t i c  v e s i c l e  c o - c u l t u r e  system (Heyman e t  a l . ,  1987b).  In a t h i r d  
e xper im en t ,  Heyman e t  a l .  (1987b) compared t r o p h o b l a s t i c  v e s i c l e  con­
d i t i o n e d  medium with  t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  t o  de te rmine  i f  
t r o p h o b l a s t i c  v e s i c l e s  r e l e a s e d  em bryot rophic  s u b s t a n c e s  i n t o  th e  me­
dium. In t h i s  exper im en t ,  1-  to  2 - c e l l  bovine embryos were c u l tu r e d  
with  bovine t r o p h o b l a s t i c  v e s i c l e s  in  serum supplemented B2 medium or 
in  medium c o n t a i n i n g  1:1 t r o p h o b l a s t i c  v e s i c l e  c o n d i t io n e d  medium and 
serum supplemented B2 medium. A f t e r  3 t o  4 days o f  c u l t u r e ,  23(42%) 
and 14(39%) o f  th e  1- t o  2 - c e l l  bovine embryos c u l t u r e d  with  t ropho­
b l a s t i c  v e s i c l e s  and in  t r o p h o b l a s t i c  v e s i c l e  c o n d i t io n e d  medium, r e ­
s p e c t i v e l y ,  developed t o  t h e  morula s t a g e  o f  development.  These r e ­
s u l t s  dem onst ra te  t h a t  t r o p h o b l a s t i c  v e s i c l e s  s e c r e t e  embryo growth 
promoting f a c t o r s  i n t o  th e  medium.
A f o u r t h  exper iment  was conducted by Heyman e t  a l . (1987b) in  
o r d e r  to  c h a r a c t e r i z e  th e  growth promoting f a c t o r s  r e l e a s e d  by t r o p h o ­
b l a s t i c  v e s i c l e s .  Medium c o l l e c t e d  from c u l t u r e s  o f  bovine t r o p h o b l a s ­
t i c  v e s i c l e s  was s e p a r a t e d  i n t o  m o lecu la r  w e igh t  (MW) f r a c t i o n s  o f  180 
t o  1,500 and g r e a t e r  than  10 ,000 .  Each f r a c t i o n  was added to  f r e s h  B2 
medium and used  f o r  th e  c u l t u r e  o f  1- t o  2 - c e l l  bovine embryos.  T h i r ­
te e n  embryos (62%) c u l t u r e d  in  medium c o n t a i n i n g  t h e  180 t o  1,500 MW 
f r a c t i o n  developed  beyond t h e  8-  t o  1 2 - c e l l  block s t a g e  and 5 embryos 
(23.8%) c o n t in u ed  development to  moru lae .  S ix  o f  th e  embryos (21.4%) 
c u l t u r e d  in  medium c o n t a in in g  th e  g r e a t e r  th a n  10,000 MW f r a c t i o n  
developed beyond t h e  block s t a g e ,  bu t  none c o n t in u e d  development t o  the
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morula s t a g e  in  v i t r o . F u r th e r  a n a l y s i s  has r e v e a l e d  t h a t  bovine 
t r o p h o b l a s t i c  v e s i c l e s  s e c r e t e  a t  l e a s t  t h r e e  p e p t id e s  (Heyman and 
Menezo, 1987).  The em bryot rophic  su b s t a n c e  s e c r e t e d  by bovine  t ro p h o ­
b l a s t i c  v e s i c l e s  has been shown to  be a p e p t id e  w i th  t h e  amino ac id  
sequence o f  Gly -Ala -Glu -Gly -Gly -Ser  (Y. Menezo, pe r sona l  communica­
t i o n ) .
The t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  system i s  t h e  only c o - c u l t u r e  
system which has been shown t o  be adequa te  f o r  t h e  c u l t u r e  of  bovine 
embryos from the  1 - c e l l  s t a g e  th rough  th e  8 -  t o  1 2 - c e l l  developmental  
block s t a g e  t o  morulae .  The c o - c u l t u r e  system u t i l i z i n g  ov id u c ta l  
e p i th e l i u m  (Eyes tone  e t  a l . ,  1987) has been s u c c e s s f u l l y  used to  c u l ­
t u r e  5- t o  8 - c e l l  embryos t o  l a t e  morulae o r  b l a s t o c y s t s ,  b u t  has no t  
been e v a l u a t e d  on embryos e a r l i e r  than  th e  5 - c e l l  s t a g e  o f  development.  
T ro p h o b l a s t i c  v e s i c l e  c o n d i t io n e d  medium a l s o  has been shown t o  be as 
e f f e c t i v e  as t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e .  Th is  e l i m i n a t e s  th e  
requ i rem en t  o f  having c e l l s  o r  t i s s u e  a v a i l a b l e  f o r  c u l t u r e  s t u d i e s ,  as  
i s  r e q u i r e d  f o r  o t h e r  c o - c u l t u r e  sys tems .
U te r in e  f i b r o b l a s t  monolayers e s t a b l i s h e d  from bovine u t e r i n e  en­
dometrium have been s u c c e s s f u l l y  used f o r  th e  c u l t u r e  o f  both  po rc ine  
embryos (Kuzan and Wrigh t ,  1981,  1982a) and bovine  embryos (Kuzan and 
Wrigh t ,  1982b).  This  would s u g g e s t  t h a t  t h e r e  may n o t  be a s p e c i e s  
s p e c i f i c i t y  in  t h e  use  o f  t h e  f i b r o b l a s t  monolayer c o - c u l t u r e  system. 
S pec ies  s p e c i f i c i t y  has n o t  been e v a l u a t e d  f o r  t h e  t r o p h o b l a s t i c  ves ­
i c l e  c o - c u l t u r e  sys tem.  However, s p e c i e s  s p e c i f i c i t y  has been e v a l u a ­
t e d  by u t e r i n e  t r a n s f e r  o f  t r o p h o b l a s t i c  v e s i c l e  t o  cows and ewes 
(Martal  e t  a l . ,  1984).  In t h i s  s t u d y ,  Mar ta l  e t  a l .  (1984) performed 
r e c i p r o c a l  t r a n s f e r s  o f  bovine  and ov ine  t r o p h o b l a s t i c  v e s i c l e s  t o  cows
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and ewes. One o r  two t r o p h o b l a s t i c  v e s i c l e s  were t r a n s f e r r e d  s u r g i c ­
a l l y  t o  ewes and cows on day 12 o f  t h e  e s t r o u s  c y c l e  and t h e  r e c i p i e n t s  
were observed  d a i l y  f o r  r e t u r n  t o  e s t r u s .  Two o f  11 ewes r e c e iv in g  
bovine t r o p h o b l a s t i c  v e s i c l e s  had no t  r e t u r n e d  to  e s t r u s  by day 38,  
when th e  ewes were s l a u g h t e r e d .  Two o f  10 cows r e c e i v i n g  ov ine  t r o p h o ­
b l a s t i c  v e s i c l e s  had t h e i r  e s t r o u s  c y c l e s  ex tended  by 10 and 15 days ,  
r e s p e c t i v e l y .  Thus ,  t h e  t r a n s f e r  o f  ov ine  and bovine t r o p h o b l a s t i c  
v e s i c l e s  t o  cows and ewes,  r e s p e c t i v e l y ,  r e s u l t e d  in  l u t e a l  t i s s u e  
maintenance  in  20% o f  t h e  f em a les .
In a n o t h e r  s tu d y ,  i t  was found t h a t  t h e  t r a n s f e r  o f  ovine  t r o p h o ­
b l a s t i c  v e s i c l e s  to  ewes and bovine t r o p h o b l a s t i c  v e s i c l e s  t o  cows r e ­
s u l t e d  in  c o rpo ra  l u t e a  main tenance  in  67% o f  th e  r e c i p i e n t  cows and 
58% o f  th e  r e c i p i e n t  ewes (Heyman e t  a l , ,  1984).  The cows had ex tended 
e s t r o u s  c y c l e s  o f  25 t o  37 days and t h e  ewes had ex tended  e s t r o u s  
c y c l e s  o f  20 to  54 days .  The r e s u l t s  o f  t h e  s t u d i e s  by Martal  e t  a l .  
(1984) and Heyman e t  a l .  (1984) i n d i c a t e  t h a t  some s p e c i e s  s p e c i f i c i t y  
e x i s t s  with  th e  l u t e o t r o p h i c  f a c t o r s  s e c r e t e d  by t r o p h o b l a s t i c  v e s i c l e s  
and t h a t  both  ovine  and bovine t r o p h o b l a s t i c  v e s i c l e s  s e c r e t e  some type  
o f  a l u t e o t r o p h i c  f a c t o r ( s ) .
S ince  t r o p h o b l a s t i c  v e s i c l e s  have been shown t o  s e c r e t e  a l u t e o ­
t r o p h i c  f a c t o r ,  th e y  should  be o f  va lue  f o r  c o - t r a n s f e r  w i th  embryos as 
well  as  f o r  c o - c u l t u r e .  In a r e c e n t  r e p o r t ,  Heyman e t  a l .  (1987a) 
e v a l u a t e d  th e  use o f  bovine t r o p h o b l a s t i c  v e s i c l e s  w i th  f rozen- thawed  
bovine embryos in  a c o - t r a n s f e r  s tu d y .  F o u r ty -n in e  r e c i p i e n t s  r e c e iv e d  
a f rozen- thawed  b l a s t o c y s t  and two f rozen- thaw ed  t r o p h o b l a s t i c  v e s i c l e s  
whi le  53 r e c i p i e n t s  were t r a n s p l a n t e d  w i th  a f rozen- thaw ed  b l a s t o c y s t .  
At 90 days o f  g e s t a t i o n ,  28 o f  t h e  r e c i p i e n t s  (57%) c o - t r a n s f e r r e d  with
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t r o p h o b l a s t i c  v e s i c l e s  were d iagnosed  as p reg n an t  compared with  21 
p regnanc ies  (40%) in  th e  c o n t ro l  group r e c e i v i n g  only  a f rozen- thawed  
b l a s t o c y s t .  These r e s u l t s  dem ons t ra te  the  p o t e n t i a l  u s e f u ln e s s  of  t r o ­
p h o b l a s t i c  v e s i c l e s  a s  a means o f  i n c r e a s i n g  t r a n s f e r  pregnancy r a t e s  
in embryo r e c i p i e n t s .
The jr t  v i t r o  c o - c u l t u r e  systems which have been e v a l u a t e d  f o r  use 
with  farm animal embryos have been more e f f e c t i v e  than  medium a lo n e .
The t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  system has th e  advan- t a g e  over  
th e  o t h e r  c o - c u l t u r e  systems in t h a t  t r o p h o b l a s t i c  v e s i c l e s  a c t i v e l y  
s e c r e t e  embryot rophic  and l u t e o t r o p h i c  f a c t o r s .  T ro p h o b l a s t i c  v e s i c l e s  
have not  been used f o r  th e  c u l t u r e  o f  embryos beyond the  morula s t a g e  
o f  development.  F u r th e r  s t u d i e s  a r e  needed to  e v a l u a t e  th e  e f f e c t i v e ­
ness  o f  t h e  t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  system with  l a t e r - s t a g e  
embryos.  The t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  system might  a l s o  be 
b e n i f i c i a l  f o r  t h e  c u l t u r e  o f  b i s e c t e d  embryos fo l low ing  micromanipu­
l a t i o n  o r  f o r  the  e v a l u a t i o n  o f  embryo v i a b i l i t y  a f t e r  f r e e z i n g - th a w in g  
o f  i n t a c t  o r  b i s e c t e d  embryos.
A lso ,  s t u d i e s  a r e  needed t o  e v a l u a t e  f u r t h e r  th e  n< v ivo s u rv iv a l  
of  embryos fo l low ing  c o - c u l t u r e .  Very few c u l t u r e  s t u d i e s  have r e p o r t ­
ed on th e  ni  vivo  s u r v iv a l  o f  embryos c u l t u r e d  longe r  than  one day.  
Pregnancy r a t e s  ach ieved  w i th  embryos c u l t u r e d  f o r  ex tended  p e r io d s  o f  
t ime have been shown t o  be lower than  th o s e  ach ieved  by d i r e c t  t r a n s f e r  
o f  “f r e s h "  embryos (Renard e t  a l . ,  1980).
CHAPTER II
EXPERIMENT I
BISECTING BOVINE EMBRYOS WITHOUT THE USE OF A 
COMMERCIAL MICROMANIPULATION UNIT
I n t r o d u c t i o n
The p roduc t ion  o f  m u l t i p l e  o f f s p r i n g  from s i n g l e ,  micromanipu la t ­
ed farm animal embryos was f i r s t  r e p o r t e d  f o r  sheep (W i l ladsen ,  1979, 
1980) and c a t t l e  (W il ladsen  and Po lge ,  1981; W i l ladsen  e t  a l . ,  1981).  
P r e s e n t  m ic rom an ipu la t ion  te ch n iq u es  range from b la s tom ere  s e p a r a t i o n  
o f  p reco m p ac t io n - s t ag e  embryos and j n  v ivo  c u l t u r e  in  an in t e r m e d i a t e  
r e c i p i e n t  p r i o r  t o  t r a n s f e r  (W i l lad sen ,  1979) t o  m icromanipu la t ion  of 
l a t e r - s t a g e  embryos and d i r e c t  n o n - s u rg ic a l  t r a n s f e r  t o  r e c i p i e n t s  
(Ozil  e t  a l . ,  1982; Lambeth e t  a l . ,  1982; Will iams e t  a l . ,  1982; 
W i l ladsen  and Godke, 1984).
Embryo b i s e c t i o n  p rocedures  p r e s e n t l y  employed r e q u i r e  t h e  use o f  
a commercial ly  a v a i l a b l e  m ic rom an ipu la t ion  u n i t .  P r e v i o u s l y ,  a t t em p ts  
have been made t o  c o n s t r u c t  a s i m p l i f i e d ,  in expens ive  m ic rom an ipu la to r  
to  remove th e  zona p e l l u c i d a  o f  mammalian embryos (G o ldac re ,  1954; 
Hoppe and B a v i s t e r ,  1983).  However, p r a c t i c e  and abundant  p a t i e n c e  
were r e q u i r e d  w i th  t h e s e  approaches  t o  avoid  embryonic c e l l  damage 
when removing th e  zona p e l l u c i d a .  Fur thermore ,  embryo b i s e c t i o n  was 
no t  a t t em p ted  with  e i t h e r  o f  t h e s e  methods.
One o f  th e  more d i f f i c u l t  s t e p s  to  ach ieve  w i th  embryo micro­
s u rg e ry  i s  t h e  removal o f  t h e  zona p e l l u c i d a  (ZP) p r i o r  t o  b i s e c t i o n  
o f  th e  embryonic c e l l  mass.  McFarland e t  a l .  (1985) have r e p o r t e d  in
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t h i s  l a b o ra t o r y  t h a t  exposure o f  embryos to  a 2.5% pronase  s o l u t i o n  
f o r  5 o r  more minutes e f f e c t i v e l y  removes the  zona p e l lu c id a  from 
bovine embryos w i th o u t  a d e t r im e n ta l  e f f e c t  to  embryo v i a b i l i t y .  The 
use o f  2.5% pronase and a s i m p l i f i e d  mic romanipula tor  appara tu s  could 
p rovide  an inexpensive  method o f  b i s e c t i n g  morulae and b l a s t o c y s t s  
under f i e l d  as well  as  l a b o ra t o r y  c o n d i t i o n s .  The o b j e c t i v e  o f  t h i s  
s tudy  was t o  develop a s i m p l i f i e d  method f o r  producing b i s e c t e d  bovine 
embryos.
M a te r i a l s  and Methods
Embryo Donor P re p a ra t io n
Twenty mature c ro s s b re d  bee f  cows (weight  range = 468 to  623 kg) 
o f  H ere fo rd ,  Angus and Brahman breeding  were used as embryo donors f o r  
t h i s  s tu d y .  The donors were between 3 and 10 y e a r s  o f  age and in  good 
to  e x c e l l e n t  body c o n d i t i o n .  The donor cows were supe rovu la ted  with  
tw ice d a i l y  (12 hours a p a r t )  i n j e c t i o n s  (im) o f  5 mg o f  f o l l i c l e  s t im ­
u l a t i n g  hormone (FSH; FSH-P: Burns -B io tec ,  Oakland, C a l i f o r n i a )  s t a r t ­
ing on days 12 through 15 o f  the  e s t r o u s  cyc le  (day 0 = e s t r u s ) .  A 25 
mg dose o f  p r o s t a g l a n d in  F2o (L u ta ly se :  Upjohn Co. ,  Kalamazoo,
Michigan) was i n j e c t e d  (im) 48 hours and 60 hou rs ,  r e s p e c t i v e l y ,  a f t e r  
the  f i r s t  FSH i n j e c t i o n  to  induce l u t e o l y s i s .  Donor females were mated 
to  a f e r t i l e  Angus b u l l  a t  e s t r u s  o r  a r t i f i c i a l l y  inseminated  with  one 
u n i t  o f  f rozen- thawed semen a t  12 hours and again  a t  24 hours a f t e r  the  
o n s e t  o f  s t and ing  e s t r u s .
Embryo C o l l e c t i o n  Procedure
At 6 .5  t o  7 .0  days a f t e r  the  o n s e t  o f  e s t r u s ,  embryos were non- 
s u r g i c a l l y  c o l l e c t e d  us ing  Dulbecco 's  phospha te -bu f fe red  s a l i n e  (PBS)
30
medium {Gibco, Grand I s l a n d ,  New York) supplemented with  2% ( v /v )  f e t a l  
c a l f  serum (FCS) and an a n t i b i o t i c - a n t i m y c o t i c  (Ab-Am) s o l u t i o n  of  100 
u n i t s  of  p e n i c i l l i n ,  100 yg o f  s t r ep tom yc in ,  .25 yg o f  amphoteric in-B 
per ml o f  medium. U te r ine  horns were f lu shed  us ing  a 16 to  18 French 
two-way Foley c a t h e t e r  a t t a c h e d  to  a s t e r i l e  60 ml s y r in g e  (Looney e t  
a l . ,  1981).  Immediately a f t e r  c o l l e c t i o n ,  embryos were eva lua ted  f o r  
morphological  s t a g e  o f  development and ass igned  an embryo q u a l i t y  grade 
(1= e x c e l l e n t ,  2= good, 3= f a i r ,  4= degenera te )  us ing a Wild M-8 
s te reom icroscope  (100X). The embryos were ev a lu a te d  f o r  developmental 
s tag e  and embryo q u a l i t y  us ing  th e  ba s ic  c r i t e r a  r e p o r te d  by Lindner 
and Wright (1983).
Experimental Trea tments
Twenty-e ight  l a t e  m oru la - s t age  (LM) embryos o f  e x c e l l e n t  or  good 
q u a l i t y  (embryo q u a l i t y  grades o f  1 and 2) were randomly ass igned  by 
donor ac ross  each o f  the  fo u r  t r e a tm e n ts  ( t a b l e  1) in  the  2 X 2  f a c t ­
o r i a l  t r e a tm e n t  ar rangement.  The t r e a tm e n t s  were d e s ig n a t ed  A and B 
f o r  b i s e c t i o n  o f  zona p e l lu c id a  i n t a c t  (ZI)  and zona p e l lu c id a  f r e e  
(ZF) embryos, r e s p e c t i v e l y ,  using simple microscope  s l i d e  manipula tors  
c o n s t ru c t e d  in th e  l a b o r a t o r y  . The remaining two t re a tm e n t s  were 
des igna ted  C and D f o r  ZI and ZF embryos,  r e s p e c t i v e l y ,  b i s e c t e d  by a 
hand-held r a z o r  b lade  method.
The embryos were he ld  a t  room tem pera tu re  (20°C) in  a modified PBS 
hold ing  medium (HM) p r i o r  to  and during  m icrom an ipu la t ion .  The HM 
c o n s i s t e d  o f  PBS with  10% FCS ( v / v ) ,  1 mg/ml g lu c o se ,  4 mg/ml bovine 
serum albumin,  36 yg/ml sodium pyruvate  and Ab-Am.
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TABLE 1. EXPERIMENTAL DESIGN FOR EMBRYO ALLOTMENT TO TREATMENTS
Number of Embryo s t a t u s
Treatment embryos I n t a c t  ZP f r e e
Microscope S l id e
A (ZI) 28 X
B (ZF) 28 X
Razor Blade
C (ZI) 28 X
D (ZF) 28 X
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Enzymatic Zona P e l l u c id a  Removal
The ZP were removed from embryos in Trea tments B and D by expos­
ing the  embryos t o  2.5% pronase p repared  from Streptomyces g r i s e u s  
p ro te a se  (P ro te a s e  P5147: Sigma Chemical Co. ,  S t .  Louis ,  M is s o u r i ) .
The 2.5% pronase  s o l u t i o n  was p repared  by adding 137.5 a c t i v i t y  u n i t s  
o f  f r e s h  p ro te a s e  per  ml o f  PBS. The pronase  s o l u t i o n  was f i l t e r e d  
through a .45 ym f i l t e r  (Acrodisc:  Gelman S c ie n c e s ,  Ann Arbor,
Michigan) and placed i n t o  the  w e l l s  o f  a 24-well  c u l t u r e  p l a t e  (Falcon:  
Becton,  Dickinson and Co. ,  Oxnard,  C a l i f o r n i a )  a t  a volume o f  1 ml per  
w e l l .  The embryos in the  ZF t re a tm e n t s  were r in s e d  th rough t h r e e  
washes o f  PBS to  remove any r e s id u a l  FCS and then p laced  in t o  the 
pronase  s o l u t i o n  a t  room tem pera tu re  (20°C).
The embryos were then observed with  a Wild M-8 microscope us ing 
phase c o n t r a s t  microscopy (100X) and were removed from the  pronase 
s o l u t i o n  when the  ZP was observed to  have been d i s o lv e d  from the  
embryo. I f  the  ZP was not  t o t a l l y  removed from an embryo a f t e r  a 15- 
minute exposure  to  p ronase ,  the  embryo was removed from the  pronase 
s o l u t i o n  and noted a c c o r d in g ly ,  but  inc luded  in  th e  t r e a tm e n t .  A f te r  
pronase t r e a t m e n t ,  embryos were r i n s e d  w i th  two washes o f  PBS with  20% 
FCS (v /v )  to  i n a c t i v a t e  the  p ronase .  The ZF embryos were then  main­
t a i n e d  in  HM a t  room tem pera tu re  u n t i l  b i s e c t i o n .
C ons t ruc t ion  and Use o f  Micromanipula tors
Microscope S l id e  M anipu la to r .  Two s i m p l i f i e d  micromanipula tors  
were c o n s t r u c t e d  in the  l a b o ra t o r y  f o r  e v a l u a t i o n  on ZI and ZF l a t e  
morula s t a g e  bovine embryos (Trea tments  A and B). The g la s s  micro­
scope s l i d e  m icromanipu la to r  were p a t t e r n e d  a f t e r  th e  g l a s s  microscope
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s l i d e  appara tus  used to  remove th e  ZP from hamster  and bovine embryos 
(Hoppe and B a v i s t e r ,  1983).  The mic romanipula tor  u n i t  used f o r  hold­
ing the  f i n e  g l a s s  needle f o r  ZP removal and embryo b i s e c t i o n  was con­
s t r u c t e d  by g lu ing  (Krazy Glue) a 50 x 75 mm microscope s l i d e  v e r ­
t i c a l l y  to  the  50 x 75 mm base  microscope s l i d e .  Another 50 x 75 mm 
microscope s l i d e ,  on which th e  f i n e  g l a s s  need le  was l a t e r  mounted, was 
a f f ix e d  to  the  v e r t i c a l  microscope s l i d e  with  a s tandard  stopcock 
g r e a s e .  The base o f  the  microscope s l i d e  micromanipula tor  was a l s o  
a f f i x e d  to  a 20 x 40 cm g la s s  s tand  with  stopcock g r e a s e .  The s top  
cock g rease  on the  g l a s s  s u r f a c e s  between the  base o f  the  microscope 
s l i d e  micromanipula tor  and the  g la s s  s tand  and between th e  v e r t i c a l  
p o r t i o n s  o f  the  micromanipu la to r  u n i t  f a c i l i t a t e d  smooth c o n t r o l l e d  
movements o f  the  micromanipula t ion  in s t rum en t .
The f i n e  g l a s s  needle used f o r  the  b i s e c t i o n  and ZP removal pro­
cedures was a t t a c h e d  to  the  micromanipu la to r  by i n s e r t i n g  the  needle  
in t o  a 2 cm segment o f  s i l a s t i c  tub ing  ( .6 5  mm O .D .) ,  glued to  the  
v e r t i c a l  s l i d e  o f  the  micromanipu la to r  u n i t .  The s e c t i o n  o f  the  u n i t  
con- s t r u c t e d  f o r  the  s u c t io n  p i p e t t e  was s l i g h t l y  modi fied from the  
u n i t  c o n s t ru c t e d  f o r  embryo b i s e c t i o n  and ZP removal .  The po r t io n  of  
the  micromanipula tor  on which the  s u c t i o n  p i p e t t e  was mounted, was con­
s t r u c t e d  by g lu ing  a 25 x 50 mm p ie ce  o f  microscope s l i d e  between th e  
ends o f  two a d j a c e n t  50 x 75 mm microscope s l i d e s .  This was a f f i x e d  to  
the  v e r t i c a l  p o r t i o n  o f  the  micromanipula tor  with  s topcock  g rease  so 
t h a t  the  v e r t i c a l  microscope s l i d e  was between th e  two a d ja c e n t  
microscope s l i d e s .  This  des ign  doubled th e  c o n t a c t  s u r f a c e  a r e a ,  
a l lowing  f o r  more p r e c i s e ,  c o n t r o l l e d  p o s i t i o n i n g  o f  the  s u c t io n  
p i p e t t e .  The s u c t io n  p i p e t t e  was a t t a c h e d  to  the  micromanipula tor  by
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i n s e r t i n g  i t  i n t o  s i l a s t i c  tu b ing  glued to  t h e  micromanipu la to r .  A 
1-ml s y r in g e  was a t t ach e d  t o  the  op p o s i te  end of  the  s i l a s t i c  tub ing  to 
provide s u c t i o n  f o r  hold ing  embryos during th e  manipu la t ion  procedure .  
The same approach to  ZP removal and embryo b i s e c t i o n ,  us ing  a L e i t z  
micromanipula tor  (Lambeth e t  a l . ,  1983) was used with  t h e  g l a s s  micro­
scope micromanipu la to r .
The embryos were b i s e c t e d  in an uncovered s t e r i l e  Lux p e t r i  d ish  
(100 mm) con ta in ing  30 ml o f  HM. The s u c t i o n  p i p e t t e  was used to  
p o s i t i o n  the ZI embryo whi le  the  f i n e  g la s s  needle  was used to  make a 
r e n t  in th e  ZP. The r e n t  was con t inued  u n t i l  the  ZP was c u t  i n t o  
h a lv e s .  The ZF embryo was b i s e c t e d  by p o s i t i o n in g  the  g l a s s  needle 
above th e  embryo r e s t i n g  on the  f l o o r  o f  the  p e t r i  d ish  and lowering 
the  g l a s s  needle on a v e r t i c a l  p lane .  I f  t h e  g l a s s  needle  d id  not  
q u i t e  b i s e c t  the  embryo, th e  b i s e c t i o n  p rocess  was completed by r e ­
p o s i t i o n in g  the  embryo between the  hold ing  p i p e t t e  and th e  g la s s  needle 
and us ing  a g e n t l e  sawing motion with  the  need le .
Razor Blade Method. The second b i s e c t i o n  approach used f o r  
Treatments C and D was developed in the  l a b o r a t o r y .  This  method r e ­
qu i r ed  a 50 mm X 75 mm microscope s l i d e ,  a s t an d a rd  double-edged razo r  
b lade ( G i l l e t t e )  and a p a i r  o f  small s u r g i c a l  hemosta ts .  The micro­
scope s l i d e  was prepared  by scour ing  th e  upper s u r f a c e  with  3 urn 
diamond compound (Metadi:  WMR S c i e n t i f i c ,  Houston, Texas)  and f i n e  
s t e e l  wool. This  scour ing  produced a s l i g h t l y  a b r a s iv e  s u r f a c e  on the  
s l i d e ,  which helped t o  s t a b i l i z e  the  embryo dur ing  b i s e c t i o n .  The ZI 
or  ZF embryo to  be b i s e c t e d  was placed on th e  microscope s l i d e  in a 
small drop (20 u l )  o f  hold ing  medium. The embryo was viewed through a 
Nikon Diaphot  i n v e r t e d  microscope (200X) w h i le  a q u a r t e r  s e c t i o n  o f
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r a z o r  b la d e ,  secured  by a p a i r  o f  hand-held  hem osta ts ,  was c a r e f u l l y  
lowered to  v e r t i c a l l y  b i s e c t  the  embryo ( f i g u r e  1 ) .  During the  
b i s e c t i o n  p rocedure ,  the  handles  o f  th e  hemostats  were r e s t e d  on the  
s t a g e  o f  the  microscope to  prov ide s t a b i l i t y  to  t h e  r a z o r  b lade  and to  
ma in ta in  the  v e r t i c a l  p o s i t i o n  o f  th e  r a z o r  b lade .
In V i t ro  C u l tu re
A f t e r  the  embryos in a l l  t r ea tm e n ts  were b i s e c t e d ,  they  were 
placed in 24-well  p l a s t i c  c u l t u r e  p l a t e s  with  1 ml p e r  well o f  Ham's 
F-10 medium with  10% FCS (v /v )  and Ab-Am. The demi-embryos were then 
p laced  in  c u l t u r e  a t  37°C in a humidif ied  atmosphere o f  5% C02 in a i r .  
Demi-embryos (DE) were eva lu a te d  every  12 hours f o r  Ui v i t r o  deve lop­
ment dur ing  the  48-hour  c u l t u r e  p e r io d .  Any DE t h a t  developed to  a 
b l a s t o c y s t  with  a d i s c e r n i b l e  in n e r  c e l l  mass du r ing  rn v i t r o  c u l t u r e  
was c l a s s i f i e d  as a v i a b l e  embryo f o r  t h i s  s tudy .
S t a t i s t i c a l  Analys is
D i f fe ren ce s  between b i s e c t i o n  methods,  ZP t r e a tm e n t s  and the  
i n t e r a c t i o n  o f  b i s e c t i o n  and ZP t r e a tm e n t  were analyzed  by th e  a n a l y s i s  
o f  va r ia n ce  procedure us ing  the  SAS General L inear  Model o p t io n  (SAS, 
1982}. A sco re  o f  "1" was a s s igned  to  s u c c e s s f u l l y  formed DE and a 
sco re  o f  "0" was a s s igned  when v i a b l e  DE were not  formed by th e  b i s e c t ­
ion t r e a tm e n t .  S im u la r ly ,  any DE which formed a b l a s t o c y s t  in  v i t r o  
was a s s igned  a sco re  o f  "1" and DE which f a i l e d  t o  form a b l a s t o c y s t  
was a s s igned  a sco re  o f  "0".  The t r e a tm e n t  means f o r  th e  number o f  DE 
formed and th e  number o f  b l a s t o c y s t s  develop ing in  v i t r o  were compared 
us ing Tukeys 's  s i g n i f i c a n t  d i f f e r e n c e  t e s t  (S tee l  and T o r i e ,  1980).
FIGURE 1. BISECTION OF BOVINE MORULAE USING 
THE HAND-HELD RAZOR BLADE METHOD
37
Resu l t s
Twelve ova were recovered on the  average from 20 superovu la ted  
beef  cows, r e s u l t i n g  in  8 .8  embryos ( q u a l i t y  grades  I t o  3) per  donor.  
Only embryos c l a s s i f i e d  as grade 1 ( e x c e l l e n t )  o r  2 (good) l a t e  morula 
s t a g e  were a s s igned  to  the  fou r  t r e a tm e n t  groups .  This  r e s u l t e d  in  a 
t o t a l  o f  21 grade 1 l a t e  morulae and 7 grade 2 l a t e  morulae being 
a l l o t t e d  t o  each t r e a t m e n t .  A f t e r  b i s e c t i o n ,  t h e r e  was the  p o t e n t i a l  
f o r  56 demi-embryos in each of  the  t r e a tm e n t s .  No d i f f e r e n c e s  (P>.05} 
were found in  the  number o f  DE formed or  in th e  number o f  b l a s t o c y s t s  
forming between grade 1 and 2 embryos ( t a b l e  2 ) ,  so th e  r e s u l t s  f o r
grade 1 and 2 embryos were com- bined in each t r e a tm e n t  ( t a b l e  3 ) .
The t o t a l  number o f  demi-embryos produced by each b i s e c t i o n  meth­
od ( t r e a tm e n t )  i s  p re s e n te d  in  t a b l e  3.  F o r ty - s ix  (82%), 55 (98%), 55 
(98%) and 56 (100%) demi-embryos were produced by Trea tments A, B, C 
and D, r e s p e c t i v e l y .  More demi-embryos were produced by Treatments B,
C and D than  by Treatment A (P< .01) .  O v e r a l l ,  more DE (P<.01) were 
produced by the  r a z o r  b lade method (Trea tments C and D) than  by the  
microscope s l i d e  micromanipula tor  method (Trea tments A and B). Also,  
more DE (P<.01) were produced from ZF embryos (Trea tments  B and D) than
from ZI embryos (Trea tments A and C).
T h i r t y - e i g h t  (67.9%),  34 (60.7%),  46 (82,1%) and 37 (66.1%) demi- 
embryos in  Trea tments A, B, C and D, r e s p e c t i v e l y ,  developed to  b l a s t ­
ocys t s  _in v i t r o  ( t a b l e  3 ) .  Any DE which ach ieved  th e  b l a s t o c y s t  s tage  
of  development,  d id  so by 12 t o  24 hours o f  c u l t u r e .  More demi-embryos 
developed to  b l a s t o c y s t s  in v i t r o  in t h e  Trea tment C (P<.05) than  in 
Trea tments A, B and D. The number o f  DE produced by th e  r a z o r  blade 
method (Treatments C and D) which developed to  b l a s t o c y s t s  in  v i t r o  was
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TABLE 2.  BISECTION OF BOVINE MORULAE AND DEVELOPMENT OF DEMI-EMBRYOS
Number 
Treatment o f  embryos
Embryo 
g r a d e / s t a g e
Number o f  
demi-embryos 
formed
Number of  
demi-embryos , 
forming BLAST
A 21 1 LM 34/42 28/34
7 2 LM 12/14 10/12
B 21 1 LM 41/42 23/41
7 2 LM 14/14 11/14
C 21 1 LM 42/42 38/42
7 2 LM 13/14 8/13
D 21 1 LM 42/42 31/42
7 2 LM 14/14 6/14
Treatment A and B were the  b i s e c t i o n  o f  ZI and ZF embryos,  r e s p e c t ­
i v e l y ,  us ing  the  simple microscope mic romanipula tor  method. T r e a t ­
ment C and D were the  b i s e c t i o n  o f  ZI and ZF embryos,  r e s p e c t i v e l y ,  
us ing  the  hand-held r a z o r  b lade method.
bBLAST=blastocysts
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TABLE 3 .  TOTAL NUMBER OF DEMI-EMBRYOS (DE) FORMED AND DEVELOPMENT 
OF DE TO BLASTOCYSTS IN VITRO.
Number 
Treatment o f  embryos
Number(S0 
DE formed
Number{%) of  
DE forming 
b l a s t o c y s t s
A 28 46 (82%)b 38 (68%)b
B 28 55 (98%)c 34 (61%)b
C 28 55 (98%)C 46 (82%)c
D 28 56 (100%)c 37 (66%)b
Total m
Trea tment A and B were the  b i s e c t i o n  of  ZI and ZF embryos,  r e ­
s p e c t i v e l y ,  us ing  the  simple microscope mic romanipula tor  method. 
Treatment C and D were the  b i s e c t i o n  o f  ZI and ZF embryos, r e ­
s p e c t i v e l y ,  using the  hand-he ld  r a z o r  b lade  method.
b c* Numbers in  the  same columns with  d i f f e r e n t  s u p e r s c r i p t s  
d i f f e r  (P<.05)
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s i m i l a r  (P<,05) t o  the  number of  DE produced by th e  microscope s l i d e  
micromanipu la to r  method (Trea tments A and B) which developed to  
b l a s t o c y s t s .  A g r e a t e r  number ( P<.05) o f  DE formed from ZI embryos 
(Trea tments A and C) developed t o  b l a s t o c y s t s  j n  v i t r o  than d id  those  
formed from ZF embryos (Treatments B and D).
The ZP was s u c c e s s f u l l y  removed from the  embryos o f  14 donor cows 
by 2.5% pronase in  l e s s  than 5 minu tes .  The ZP was not  t o t a l l y  removed 
from the  embryos o f  the  s i x  o th e r  donors a f t e r  15 minutes exposure to  
2.5% pronase .  These embryos were removed from pronase a f t e r  15 
m inu tes ,  bu t  were inc luded  in  th e  ZP t r e a tm e n t s .  The ZP was not  
removed from 11 o f  the  28 embryos (39%) a l l o t t e d  to  Treatment B a f t e r  
15 minutes o f  exposure to  pronase .  The 11 embryos in which th e  ZP was 
no t  removed by pronase t r e a tm e n t ,  however, were s u c c e s s f u l l y  b i s e c t e d  
to  produce 22 DE. Only 6 (27.3%) o f  th e s e  DE formed b l a s t o c y s t s  i_n 
v i t r o . The 17 embryos in  Treatment B, in which th e  ZP was s u c c e s s f u l l y  
removed by pronase  t r e a tm e n t  in l e s s  than 5 minutes  were b i s e c t e d  to  
produce 34 DE, and 28 (82.4%) o f  the se  DE developed in t o  b l a s t o c y s t s  in 
c u l t u r e .
S im u la r ly ,  t r e a tm e n t s  with  pronase f a i l e d  t o  remove the  ZP o f  12 
of  the  28 embryos (43%) a l l o t e d  t o  Trea tment D. These 12 embryos were 
b i s e c t e d  t o  produce 24 DE, o f  which 11 (45.8%) DE formed b l a s t o c y s t s  in 
v i t r o . The remaining 16 embryos in Trea tment D, in  which the ZP was 
s u c c e s s f u l l y  removed by p ronase ,  were s u c c e s s f u l l y  b i s e c t e d  to  produce 
32 DE. Twenty-s ix (81.2%) o f  th e s e  DE formed b l a s t o c y s t s  in  v i t r o .
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Discussion
The lower number of  DE produced from ZI embryos,  us ing  the  micro­
scope s l i d e  m an ipu la to rs  (Trea tment A) r e f l e c t s  th e  d i f f i c u l t y  encoun­
t e r e d  in  removing th e  ZP from embryos using t h i s  method. Hoppe and 
B a v i s t e r  (1983) have r e p o r te d  they  t o t a l l y  des t royed  5% o f  the  bovine 
morulae and 10 t o  15% o f  the  bovine b l a s t o c y s t s  during  th e  ZP removal 
procedure ,  us ing  microscope s l i d e  microm an ipu la to rs .  The microscope 
s l i d e  m an ipu la to r  used in t h i s  s tudy  took a g r e a t  deal  o f  p r a c t i c e  
before  the  ZP could be removed w i thou t  e x c e s s iv e ly  damaging the  em­
bryonic  c e l l s .  A f te r  p r a c t i c e  however, ZI embryos could be b i s e c t e d  in 
approx im ate ly  10 minutes and ZF embryos could be b i s e c t e d  in l e s s  than  
2 minu tes .  Even though th e  microscope m an ipu la to r s  a r e  inexpensive  to  
c o n s t r u c t ,  s u c t i o n  p i p e t t e s  and b i s e c t i o n  m ic ro - in s t rum e n ts  must be 
e i t h e r  purchased or  expensive s p ec ia l  equipment must be purchased to  
manufacture them.
The r a z o r  blade method used f o r  Trea tments C and D re q u i re d  l e s s  
p r a c t i c e  to  become p r o f i c i e n t  a t  b i s e c t i o n  o f  l a t e  morula bovine em­
bryos .  Both ZI and ZF embryos could  be b i s e c t e d  in  l e s s  than 1 min­
u t e .  P revious  micromanipula t ion  exper i ence  was not  necessa ry  with the  
r a z o r  b lade  method; whereas ,  i t  was very  b e n e f i c i a l  f o r  us ing  th e  g l a s s  
microscope s l i d e  m ic rom an ipu la to rs .  The r a z o r  b lade method a l s o  r e ­
s u l t e d  in more s u cces s fu l  b i s e c t i o n s  and a s i m i l a r  number o f  DE which 
developed to  b l a s t o c y s t s  j n  v i t r o .
Fewer DE formed b l a s t o c y s t s  dur ing  the  in v i t r o  c u l t u r e  in T r e a t ­
ment A than in C. The lower number o f  b l a s t o c y s t s  forming DE in  T r e a t ­
ment A i s  l i k e y  due t o  i n j u r y  to  the  embryos dur ing  the  ZP removal and 
b i s e c t i o n  p ro c e s s .  In t h i s  s tu d y ,  more DE were formed from ZF embryos
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(Treatments B and D) than  from ZI embryos (Trea tments A and C).  How­
e v e r ,  fewer DE produced from ZF embryos formed b l a s o c y s t s  jr t v i t r o .
The t r e n d  f o r  lower demi-embryo v i a b i l i t y  noted in  both Trea tments B 
and D (ZF embryos) compared to  Trea tments A and C (ZI embryos) could be 
p a r t i a l l y  exp la ined  by the  time o f  exposure o f  embryos to  pronase .  As 
was p r e v io u s ly  r e p o r t e d ,  27 to  46% o f  th e  DE formed from embryos 
exposed to  pronase  f o r  g r e a t e r  than 5 minutes developed t o  b l a s t o c y s t s  
in c u l t u r e  compared with  81 to  82% o f  the  DE formed from embryos 
exposed to  pronase f o r  5 minutes or  l e s s .
The r e s u l t s  o f  t h i s  s tudy  demonstrated t h a t  a 2.5% s o l u t i o n  of  
pronase i s  no t  e f f e c t i v e  f o r  removal of  the  ZP from embryos o f  some 
donor cows. Embryos from 6 o f  20 donors d id  not  have t h e i r  ZP removed 
a f t e r  15 minutes o f  exposure t o  2.5% pronase .  This  v a r i a b i l i t y  can not  
be exp la ined  by v a r i a t i o n s  in pronase l o t s  o r  s o l u t i o n s ,  s ince  the  ZP 
was removed from the  embryos of  some donors exposed t o  th e  same s o lu ­
t i o n  o f  pronase  in which the  ZP o f  o t h e r  d o n o r ' s  embryos were only  
so f ten ed  or  not  a f f e c t e d  a t  a l l .
Summers e t  a l .  (1983) p r e v io u s ly  r e p o r t e d  t h a t  donor v a r i a t i o n  
e x i s t s  in the  a b i l i t y  o f  a .5% pronase s o l u t i o n  to  remove the  ZP of  
bovine embryos. In t h e i r  s tu d y ,  the  ZP o f  day-6 bovine morulae from 13 
F r i e s i a n ,  Angus and Fr ies ian-Angus  c ro s s b re d  cows were exposed t o  p ro ­
nase .  The ZP o f  embryos from f i v e  donors were t o t a l l y  removed by ex­
posure to  a .5% pronase s o l u t i o n  f o r  6 to  8 m inu tes .  However, the  ZP 
o f  embryos from fo u r  o t h e r  donors were only  s o f t e n e d  o r  p a r t i a l l y  
d iso lved  by exposure to  pronase f o r  10 minutes while  the  ZP was n e i t h e r  
removed nor  so f ten ed  from embryos ob ta ined  from fo u r  donors a f t e r  
g r e a t e r  than  10 minutes exposure t o  .5% pronase .  Embryos were r eco v e r -
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ed from some o f  the  donors f o r  t h r e e  co n s ecu t iv e  c o l l e c t i o n s ,  with  the  
same p a t t e r n  o f  pronase d i g e s t i o n  occur ing  w i th in  donor each t ime.
The same donor v a r i a t i o n  in the  a b i l i t y  of  pronase to  remove the  
ZP has a l s o  been r e p o r t e d  f o r  ovine embryos. Moor and Cragle (1971) 
re p o r te d  t h a t  th e  ZP o f  embryos from approxim ate ly  o n e - t h i r d  o f  the  
donor ewes s tu d i e d  were not  removed by exposure to  .5% pronase t r e a t ­
ment. Hoppe and B a v i s t e r  (1983) re p o r te d  exposure o f  bovine embryos to  
.5% pronase f o r  7 to  10 minutes so f ten ed  the  ZP, bu t  f a i l e d  to  t o t a l l y  
remove the  ZP. Massey e t  a l .  (1982) used .5% pronase to  remove th e  ZP 
o f  1 - c e l l  t o  expanded b l a s t o c y s t  s t a g e  bovine embryos. The t ime r e ­
qu i red  to  remove the  ZP v a r i e d  with  embryo developmental s t a g e  and 
ranged from 7 to  246 minu tes .  The only  pronase t r e a t e d  embryos to  
su rv ive  t r a n s f e r  to  r e c i p i e n t s  were b l a s t o c y s t s  t r e a t e d  with pronase 
f o r  7 minu tes .  In t h i s  s tu d y ,  only 4 b l a s t o c y s t s  (22%) surv ived  jm 
v iv o .
The r e s u l t s  o f  the  p r e s e n t  s tudy  and the  f in d in g s  o f  Summers e t  
a l .  (1983) sugges t s  t h a t  r e s i s t a n c e  to  d i g e s t i o n  by pronase  o f  the  
bovine ZP may be g e n e t i c a l l y  de term ined .  Even a t  a h ighe r  pronase 
c o n c e n t r a t i o n  in t h i s  s tudy  (2.5% vs .5%),  the  donor v a r i a t i o n  was 
s t i l l  e v i d e n t .  These f in d in g s  a r e  in c o n t r a s t  t o  those  o f  McFarland e t  
a l .  (1985) who r e p o r te d  t h a t  a 2.5% pronase s o l u t i o n  was e f f e c t i v e  f o r  
removing the  ZP from day 6 .5  to  7 .5  bovine embryos o f  22 donor cows 
w i thou t  any d e t r im en ta l  a f f e c t s .  Summers e t  a l .  (1983) re p o r te d  the  
exposure of  ZP i n t a c t  embryos t o  a ,5% pronase s o l u t i o n  f o r  g r e a t e r  
than 10 minutes r e s u l t e d  in  p a r t i a l  d i s a g g re g a t io n  o f  the  b la s tom eres .  
I t  i s  l i k e l y  t h a t  t h i s  type  o f  i n j u r y  occured t o  t h e  p r o n a s e - t r e a t e d  
embryos in th e  p r e s e n t  s tudy .
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Based on the  high r a t e  o f  success  o f  the  s i m p l i f i e d  methods f o r  
embryo b i s e c t i o n  used in  t h i s  s tu d y ,  both can be cons ide red  v ia b le  
a l t e r n a t i v e s  t o  the  use of  commercial micromanipula tors  f o r  b i s e c t i n g  
ZI and ZF l a t e  morula s tage  bovine embryos. The success  achieved with 
both s i m p l i f i e d  embryo b i s e c t i o n  methods i s  s i m i l a r  t o  t h a t  r epo r te d  
f o r  us ing  commercial micromanipula tors  and a m ic rosu rg ica l  blade 
(Williams e t  a l . ,  1982) or  a f i n e  g l a s s  need le  (Lambeth e t  a l . ,  1983; 
Voelkel e t  a l . ,  1985a).
The DE produced us ing the  s i m p l i f i e d  b i s e c t i o n  methods in t h i s  
s tudy were no t  t r a n s f e r r e d  to  r e c i p i e n t s  f o r  e v a l u a t i o n  o f  in vivo 
s u r v i v a l .  The hand-held r a z o r  b lade method developed in t h i s  l a b o ra ­
to ry  has now been used by o th e r s  to  b i s e c t  bovine morulae and b l a s t o ­
c y s t s .  The t r a n s f e r  o f  the  DE produced by t h i s  method has r e s u l t e d  in 
pregnancy r a t e s  s i m i l a r  to  th ose  achieved  with  b i s e c t i o n  methods us ing  
commercial micromanipula tors  (G. L indner ,  persona l  communication).
CHAPTER III
EXPERIMENT II
CULTURE OF EARLY-STAGE BOVINE EMBRYOS INSIDE OR IN CO-CULTURE 
WITH DAY-13 TO 14 TROPHOBLASTIC VESICLES
I n t ro d u c t io n
A primary b a r r i e r  to  r e s e a r c h  in vo lv ing  the  use o f  e a r l y  c l eavage-  
s t a g e  bovine embryos has been th e  i n a b i l i t y  to  adequa te ly  su p p o r t  em­
bryonic  development iji v i t r o . Various r e c i p e s  f o r  media and a m u l t i ­
tude  o f  d i f f e r e n t  c u l t u r e  systems have been ev a lu a te d  f o r  the  c u l t u r e  
o f  e a r l y - s t a g e  bovine  embryos over  the  y e a r s ;  however, th e s e  e f f o r t s  
have only r e s u l t e d  in  l im i t e d  success  ( see  reviews by B e t t e r i d g e ,  1977; 
Wright and B o n d io l i ,  1981).  In vivo  c u l t u r e  o f  p recom pac t ion-s tage  
embryos o f  farm animals in the  l i g a t e d  ov iduc ts  o f  non-pregnant  sheep 
p r i o r  t o  embryo t r a n s f e r  has ach ieved  noteworthy r e s u l t s  {Willadsen,
1979).  This approach however, i s  l a b o r  i n t e n s i v e ,  t ime consuming and 
o f ten  r e s u l t s  in some embryo lo s s  dur ing  the  recovery  p ro c e s s .
One o f  th e  most s uccess fu l  in v i t r o  c u l t u r e  systems to  d a t e  in ­
volves the  use o f  "h e lp e r "  c e l l s  to  c o - c u l t u r e  mammalian embryos.  Cole 
and Paul (1965) f i r s t  r e p o r te d  on the  s u cces s fu l  use o f  a f e e d e r  l a y e r  
o f  i r r a d i a t e d  HeLa c e l l s  f o r  t h e  c u l t u r e  o f  2- t o  4 - c e l l  s t a g e  murine 
embryos to  the  b l a s t o c y s t  s tag e  o f  development.  Subsequen tly ,  Kuzan 
and Wright (1982b) r e p o r te d  encouraging  r e s u l t s  when a monolayer o f  
bovine f i b r o b l a s t  c e l l s  o f  e i t h e r  u t e r i n e  o r  t e s t i c u l a r  o r i g i n  were 
used in a c o - c u l t u r e  system f o r  m o ru la - s t ag e  bovine embryos.  Voelkel 
e t  a l .  (1984a;1985a) e v a lu a te d  the  use o f  bovine u t e r i n e  f i b r o b l a s t
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monolayer c o - c u l t u r e  system and concluded t h a t  the c o - c u l t u r e  system 
was s u p e r io r  to  t h a t  o f  Ham's F-10 medium when used alone f o r  the  c u l ­
t u r e  o f  b i s e c t e d  day-7 bovine embryos. In a r e c e n t  s tu d y ,  Wiemer e t  
a l .  (1987) ev a lu a te d  a f e t a l  u t e r i n e  f i b r o b l a s t  monolayer c o - c u l t u r e  
s y s -  tern, produced from nea r  term f e t a l  bovine u t e r i n e  endometr ia l  
c e l l s ,  f o r  the  c u l t u r e  o f  m oru la - s tage  bovine embryos. The percen t  
v i a b i l i t y  o f  embryos c u l t u r e d  on the  f e t a l  u t e r i n e  f i b r o b l a s t  monolayer 
was r e -  po r ted  to  be 85%, compared with  26% f o r  th e  con t ro l  embryos 
c u l t u r e d  in medium a lone .
Kuzan and Wright (1982b) re p o r te d  t h a t  c ond i t ioned  medium c o l l e c t ­
ed from the  u t e r i n e  f i b r o b l a s t  c u l t u r e s  had no advantage over  the  con­
t r o l  medium a lone f o r  in v i t r o  c u l t u r e  of  l a t e r - s t a g e  bovine embryos. 
Allen  and Wright  (1984) p o s tu l a t e d  t h a t  the  method by which the  u t e r i n e  
f i b r o b l a s t  c o - c u l t u r e  system improves the  in v i t r o  su rv iv a l  of  porcine 
embryos i s  by f i b r o b l a s t  c e l l  t o  embryo c o n t a c t  r a t h e r  than  by s e c r e ­
t i o n  o f  growth f a c t o r s  or  o t h e r  subs tances  i n t o  th e  c u l t u r e  medium. To 
d a t e ,  th e  u t e r i n e  f i b r o b l a s t  monolayer c u l t u r e  system has not  been 
shown to  be e f f e c t i v e  f o r  the  c u l t u r e  of  pre  compaction-stage  bovine 
embryos.
A r e c e n t  r e p o r t  has sugges ted  t h a t  o v id u c ta l  e p i th e l iu m  i n t e g r a t e d  
i n t o  an i_n v i t r o  c o - c u l t u r e  system holds promise f o r  s uccess fu l  c u l t u r e  
o f  e a r l y - s t a g e  c a t t l e  embryos (Eyestone e t  a l . ,  1987).  In t h i s  s tudy ,  
5-  t o  8 - c e l l  bovine embryos were c u l t u r e d  f o r  4 o r  5 days with  Ham's 
F-10 and ov iduc ta l  e p i th e l i u m ,  r e s u l t i n g  in 46% o f  the  embryos develop­
ing t o  l a t e  morulae o r  b l a s t o c y s t s .  In comparison,  none o f  the  5-  to  
8 - c e l l  embryos c u l tu r e d  in  Ham's F-10 a lone  developed beyond the
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c h a r a c t e r i s t i c  bovine 8-  to  1 2 -ce l l  developmental  block ( T h ib a u l t ,
1966) s t a g e .
Using a d i f f e r e n t  approach to  in v i t r o  c u l t u r e  o f  embryos, Camous 
e t  a l .  {1984a,c)  f i r s t  r e p o r t e d  t h a t  t r o p h o b l a s t i c  v e s i c l e s ,  produced 
from s e c t i o n s  o f  t rophec toderm from a day-14 bovine concep tus ,  enhanced 
embryo v i a b i l i t y  iji v i t r o  when used as a c o - c u l t u r e  system. In t h i s  
i n i t i a l  r e p o r t ,  bovine t r o p h o b l a s t i c  v e s i c l e s  (bTV) were used f o r  the  
su ccess fu l  j j i  v i t r o  c u l t u r e  o f  1-', 2 - ,  4-  and 8 - c e l l  bovine embryos to  
the  morula s t a g e  o f  development.  During the  c u l t u r e  i n t e r v a l  42,  38,
50 and 70% of  the  1 - ,  2 - ,  4-  and 8 - c e l l  embryos,  r e s p e c t i v e l y ,  develop­
ed i n t o  morulae when c o - c u l tu r e d  with  bTV compared with  30% or  l e s s  f o r  
embryos in the  con t ro l  group c u l tu r e d  in medium a lone .
More r e c e n t l y ,  Heyman e t  a l . (1987a) eva lu a te d  the  bTV c o - c u l t u r e  
system us ing 1-  t o  8 - c e l l  bovine embryos and found t h a t  the  bTV s e c r e t e  
embryo growth promoting f a c t o r s  i n t o  the  medium dur ing  c u l t u r e .  I t  has 
been p re -  v io u s ly  r e p o r t e d  t h a t  bTV may a l s o  produce a l u t e o t r o p h i c  
subs tance  in c a t t l e  (P la n t e  e t  a l . ,  1985).  At p r e s e n t ,  the  bTV co­
c u l t u r e  system i s  the  on ly  c o - c u l t u r e  system t h a t  has been r ep o r te d  to  
be e f f e c t i v e  f o r  the  j n  v i t r o  c u l t u r e  o f  farm animal embryos from the
1 - c e l l  s t a g e  th rough th e  8- t o  1 2 -c e l l  developmental block s t a g e  to  
morulae (Camous e t  a l . ,  1 9 8 4 a ,b ,c ) .
Since t r o p h o b l a s t i c  t i s s u e  may s e c r e t e  one o r  more embryotrophic 
f a c t o r s ,  i t  i s  p o s s i b l e  t h a t  t h e  c o n c e n t r a t i o n  o f  t h e s e  f a c t o r s  may be 
g r e a t e r  w i th in  th e  lumen o f  the  v e s i c l e  than t h a t  d i s p e r s e d  in the  c u l ­
t u r e  medium s uppo r t ing  th e  v e s i c l e s .  The o b j e c t i v e  o f  th e  p r e s e n t  
exper iment  was to  e v a l u a t e  the  in v i t r o  development o f  bovine embryos
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c u l tu r e d  i n s id e  i n d iv id u a l  bTV and to  a s s e s s  t h i s  approach as a method
f o r  the  c u l t u r e  o f  bovine embryos.
M a te r i a l s  and Methods
Embryo Donors
Twenty-two mature c ro s sb red  Angus, Hereford and Brahman beef  cows 
were s e l e c t e d  as embryo donors f o r  t h i s  s tu d y .  These n o n - l a c t a t i n g ,  
c y c l i c  females ranged in weight  from 538 t o  661 kg. The donors had 
been main ta ined  on bermudagrass p a s tu r e  and g ra s s  hays dur ing  the p re -  
ceeding  months and were in good t o  e x c e l l e n t  body co n d i t io n  a t  the  time 
o f  t r e a tm e n t .  S t a r t i n g  on days 8 t o  15 o f  th e  e s t r o u s  cyc le  (day 0 = 
o nse t  o f  e s t r u s ) ,  the  p o t e n t i a l  donor females were p laced on a 4-day 
descending-dose  gonadotropin t r e a tm e n t  schedule  us ing  tw ice  d a i l y  
in t r a m u s c u la r  i n j e c t i o n s  o f  f o l l i c l e  s t i m u la t i n g  hormone (FSH-P: 
Schering C orp . ,  Omaha, NE) which r e s u l t e d  in  a t o t a l  dose o f  28 mg of
FSH per donor an imal.  At 48 hours a f t e r  the  i n i t i a l  FSH i n j e c t i o n ,  a
s i n g l e  500 yg dose o f  c l o p ro s t e n o l  (Es trumate :  Miles L a b o r a to r i e s ,  
Shawnee, KS) was adm in is te re d  in t r a m u s c u la r ly  to  each female to  induce 
l u t e o l y s i s .  Each donor cow was mated n a t u r a l l y  a t  e s t r u s  with  a f e r ­
t i l e  Angus bu ll  and a r t i f i c i a l l y  inseminated  with  two u n i t s  o f  f rozen  
semen 24 hours a f t e r  the  o n s e t  o f  e s t r u s .
Embryo Recovery
Donors were n o n - s u r g i c a l l y  c o l l e c t e d  on day 4 .5  t o  5 p o s t - e s t r u s  
f o r  precom pac t ion-s tage  embryos o r  on days 13.5 to  14 p o s t - e s t r u s  f o r  
bovine t r o p h o b l a s t i c  v e s i c l e  p ro d u c t io n .  Each u t e r i n e  horn was f lu s h e d  
us ing an 18 t o  20 French Foley c a t h e t e r  in  a manner s i m i l a r  to  t h a t  
p r e v io u s ly  de s c r ib e d  by Looney e t  a l .  (1981) .  Dulbecco 's  phosphate-
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buf fe red  s a l i n e  (PBS) medium (Gibco,  Grand I s l a n d ,  New York) with  2% 
(v /v )  f e t a l  c a l f  serum (FCS) and an a n t i b i o t i c - a n t i m y c o t i c  s o l u t i o n  
(Ab-Am) c o n ta in in g  100 u n i t s  o f  p e n i c i l l i n ,  100 ug o f  s t rep tom ycin  and 
0.25 ug o f  amphoter ic in-B  per ml was used as th e  f l u s h i n g  medium.
A f te r  r ecove ry ,  embryos were main ta ined  a t  room tem pera tu re  (20°C) in a 
modi f ied PBS holding medium (HM) u n t i l  t h e i r  a l l o t t m e n t  a c ro s s  t r e a t ­
ment groups .  The HM was composed o f  PBS with  10% (v /v )  FCS, 4 .0  gm/1 
o f  bovine serum albumin (BSA f r a c t i o n  V), 1 .0  gm/1 o f  g lu c o se ,  .036 
gm/1 of  pyruv ic  ac id  and Ab-Am.
Experimental  Treatments
Embryos from each donor were eva lu a te d  under a s te reom icroscope  
(100X) f o r  morphological  development and a s s igned  a q u a l i t y  grade score  
(1 = e x c e l l e n t ;  2 -  good; 3= f a i r ;  4 = d egene ra te )  u s ing  the  c r i t e r a  
p re v io u s ly  r ep o r te d  f o r  bovine embryos by L indner  and Wright (1983).  
q u a l i t y  grade  1 embryos were randomly as s igned  w i th in  donor and d ev e l ­
opmental s t a g e  a c ro s s  each o f  t h r e e  t r e a tm e n t s  ( n = 3 6 / t r e a t m e n t ) . The 
embryos in  Treatment A were i n d i v i d u a l l y  p laced  i n s i d e  a bTV and co­
c u l t u r e d  while  embryos in Trea tment B were i n d i v i d u a l l y  c o - c u l tu r e d  
with  a s i n g l e  bTV, Fresh bTV o f  2 to  3 mm in  d iam ete r  were randomly 
s e l e c t e d  from a p r e - c u l t u r e d  popu la t ion  f o r  use in  Trea tments A and B 
( f i g u r e  2 ) ,  Embryos in  Treatment C were c u l t u r e d  in  medium w i thou t  bTV 
t i s s u e ,  and served  as the  c o n t r o l .
T ro p h o b la s t ic  V es ic le  P roduction  and In V i t ro  Cu l tu re
T h i r t y - s i x  to  48 hours p r i o r  to  c o l l e c t i o n  o f  the  precompaction­
s t a g e  embryos, bTV were p repared  from day 13.5 t o  14 e lo n g a ted  embryos. 
The e longa ted  embryos were p laced  in t o  a p l a s t i c  p e t r i  d i sh  with  .1 to
FIGURE 2. ILLUSTRATION OF THE 
TREATMENTS IN EXPERIMENT II
Treatment A
Em bryos co-cultured 
inside a  bTV 
(n=36)
Treatment B
Em bryos co-cultured 
outside of a  bTV 
(n=36)
Treatment C
Em bryos cultured in 
m edium  alone 
(n=36)
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0 .2  ml o f  HM and d i s s e c t e d  i n t o  embryonic s e c t i o n s  1 t o  2 mm2 with  a 
r a z o r  b lade he ld  by a p a i r  o f  hemosta ts  (Ror ie  e t  a l . ,  1987a).  The 
embryonic t i s s u e  co n ta in in g  th e  embryonic d i s c  was d i s c a r d e d .  The bTV 
which had expanded to  a d iamete r  o f  2 t o  3 mm a f t e r  36 to  48 hours in 
c u l t u r e  were s e l e c t e d  f o r  c o - c u l t u r e  with  embryos in  Treatments A and 
B. Only bTV o f  s i m i l a r  s i z e  and morphology were a s s igned  ac ross  t r e a t ­
ment groups .
Embryos in Treatment A were p laced  in t o  the  lumen o f  the  bTV by 
opening a small r e n t  in  th e  v e s i c l e s  with  two 30 gauge hypodermic 
need les  and i n s e r t i n g  the  embryo i n s id e  th e  bTV with  th e  a id  of  a 150 
ym d iamete r  f i r e  p o l i she d  g la s s  s u c t io n  p i p e t t e .  A f t e r  i n s e r t i n g  the  
embryo i n t o  the  bTV, th e  r e n t  was c lo sed  by p re s s in g  each s id e  o f  the  
opening to g e t h e r  us ing  the  f i r e - p o l i s h e d  end o f  the  g la s s  su c t io n  
p i p e t t e .
The embryonic s e c t i o n s  f o r  bTV production  were c u l t u r e d  in f o u r -  
well c u l t u r e  p l a t e s  c o n ta in in g  1 ml/wel l  o f  CMRL-1066 medium (Sanya! 
and N a f t o l i n ,  1983) with  10% (v /v )  FCS and Ab-Am. The embryos in  
Treatments A, B and C were i n d i v i d u a l l y  c u l t u r e d  in  96-well  c u l t u r e  
p l a t e s  w ith  0 .3  ml/well  o f  CMRL 1066 medium (Gibco,  Grand I s l a n d ,  NY) 
with  10% (v /v )  FCS and Ab-Am. All c u l t u r e s  were ma in ta ined  a t  37°C in 
a humidif ied  atmosphere o f  5% C02 in  a i r .  O ne-half  o f  th e  medium in 
each well was rep la ced  a f t e r  3 days of  c u l t u r e .  The embryos were e v a l ­
ua ted  a t  12-hour  i n t e r v a l s  f o r  morphological  development and embryo 
q u a l i t y  dur ing th e  96-hour  c u l t u r e  p e r i o d ,  us ing  th e  c r i t e r a  as e s t a b ­
l i s h e d  by Lindner and Wright  (1983) .
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S t a t i s t i c a l  A nalys is
Embryo v i a b i l i t y  and q u a l i t y  grade  sco res  were compared across  
t ime in  c u l t u r e  us ing  one-way a n a l y s i s  of  v a r ia n ce  (S tee l  and T o r i e ,
1980).  In o rd e r  t o  s t a t i s t i c a l l y  ana lyze  the  v i a b i l i t y  and embryo 
q u a l i t y  s c o r e s ,  th e s e  da ta  were conver ted  to  a "0" or  "1" s c a l e .
Embryo v i a b i l i t y  was analyzed  by f i r s t  a s s ig n in g  a score  o f  "1" to  
v ia b le  embryos and a score  o f  "0" to  non -v iab le  embryos.  The a n a l y s i s  
o f  embryo q u a l i t y  was performed by a s s ig n in g  "1" to  q u a l i t y  grade 1 or  
2 embryos and "0" to  the  remaining embryos in each t r e a tm e n t .  Treatment 
means were compared us ing Tukey's  s i g n i f i c a n t  d i f f e r e n c e  t e s t  (S tee l  
and T o r i e ,  1980).
R esu l t s
Embryo Recovery and bTV Produc tion
S i x t y - f o u r  day 13.5 t o  day 14.0 e lo n g a t in g  embryos were non- 
s u r g i c a l l y  recovered  from 10 donor cows. All o f  the se  embryos were 
s u c c e s s f u l l y  d i s s e c t e d  i n t o  s e c t i o n s  f o r  bTV p roduc t ion .  A f te r  a p e r ­
iod o f  36 to  48 hours o f  j n  v i t r o  c u l t u r e  in CMRL 1066 medium, over  95% 
o f  the  embryonic s e c t i o n s  developed i n t o  v i a b l e  appear ing  bTV, as des ­
c r ib e d  by Camous e t  a l .  (1984c).
A t o t a l  o f  108 e x c e l l e n t  q u a l i t y  day 4 .5  to  day 5 embryos were r e ­
covered from 12 donor cows, g iv ing  an average o f  9 .0  p o t e n t i a l l y  v i a b l e  
embryos pe r  donor.  Embryos a l l o t t e d  to  t r e a tm e n t s  con ta ined  between 12 
and 32 embryonic c e l l s  a t  th e  t ime o f  c o l l e c t i o n .  T h i r t y - s i x  q u a l i t y  
grade 1 embryos were ass igned  a c ro s s  each o f  the  t h r e e  t r e a tm e n t  
g roups .
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All 36 embryos in Treatment A were s u c c e s s f u l l y  p laced i n s i d e  the  
p r e - c u l t u r e d  bTV. Twenty-two o f  th e s e  36 bTV (61%) re-expanded dur ing  
the  96-hour c u l t u r e  i n t e r v a l .  The remaining 14 bTV (39%) only  p a r t i a l ­
ly  re-expanded or  f a i l e d  t o  re-expand during th e  the  same c u l t u r e  p e r ­
iod .  One bTV (3%) in  Trea tment B co l l a p s e d  dur ing c u l t u r e  and f a i l e d  
to  re-expand dur ing  the  96 hours o f  c u l t u r e .  At th e  end o f  the  96 hour 
c u l t u r e  p e r io d ,  a l l  36 embryos in Treatment A were recovered from the  
bTV f o r  examinat ion.
In V i t ro  C u l tu re  of  Embryos
The embryo v i a b i l i t y  r a t i n g s  and q u a l i t y  grades dur ing  j n  v i t r o  
c u l t u r e  a r e  p resen ted  in  t a b l e  4.  A f t e r  60 hours o f  c u l t u r e  In s id e
bTV, 23 embryos (64%) in Treatment A were cons idered  v i a b l e  embryos
(grades  1,  2 and 3 = e x c e l l e n t  to  f a i r  embryo q u a l i t y )  and 13 embryos 
(36%) were c l a s s i f i e d  as q u a l i t y  grades  1 ( e x c e l l e n t )  o r  2 (good).  At 
the  end o f  the  96-hour v i t r o  c u l t u r e  p e r io d ,  21 embryos (58%) in 
Treatment A were a s s e s se d  as v i a b l e  and 13 embryos (36%) were c l a s s ­
i f i e d  as having embryo q u a l i t y  grades  o f  1 o r  2.
In Trea tment B, 29 embryos (81%) were judged v i a b l e  a f t e r  60 hours 
of  c o - c u l t u r e  with  bTV t i s s u e .  Twenty-f ive o f  th e s e  embryos (69%) were 
graded as e x c e l l e n t  or  good q u a l i t y  embryos (grades  1 and 2 ) .  At th e  
end o f  the  96-hour  c u l t u r e  p e r io d ,  26 embryos (72%) were c l a s s i f i e d  as 
v i a b l e .  Eigh teen embryos (50%) cons ide red  to  be o f  e x c e l l e n t  o r  good 
embryo q u a l i t y  (g rades  1 and 2 ) .
Of the  36 embryos c u l t u r e d  in the  c o n t ro l  medium a lone  in  T r e a t ­
ment C, 24 (67%) were cons idered  v i a b l e  a t  60 hours o f  v i t r o
TABLE 4 .  VIABILITY RATINGS AND EMBRYO QUALITY GRADES 
DURING IN VITRO CULTURE
Treatment
0 Hours 60 1■lours 96 Hours
Number o f  
embryos
Number(%) 
o f  v i a b l e  
embryos
Number(%) 
o f  grade 
1&2 embryos
Number(%) 
o f  v i a b l e  
embryos
Number{%) 
o f  grade 
1&2 embryos
A 36 23(64%)a 13(36%)a 21(58%)a 13(36%)ab
B 36 29(81%)a 25(69%)b 26(72%)a 18(50%)a
C 36 24(67%)a 8(22%)a 16(44%)a 6 ( 17%)b
Total m
a ’ Numbers with  d i f f e r e n t  s u p e r s c r i p t s  in th e  same column a r e  d i f f e r e n t
a t  t h e  P<.01 l e v e l .
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c u l t u r e .  E igh t  embryos (22%) were judged  to  be e x c e l l e n t  o r  good q u a l ­
i t y  embryos. When the  embryos were r e - e v a l u a t e d  a f t e r  96 hours j n  
v i t r o , 16 embryos (44%) were cons ide red  t o  be v i a b l e  and 6 embryos 
(17%) were c l a s s i f i e d  as e x c e l l e n t  o r  good embryo q u a l i t y .
There were no d i f f e r e n c e s  in the  number o f  v i a b l e  embryos among 
the  t r e a tm e n ts  a f t e r  60 o r  96 hours o f  jin v i t r o  c u l t u r e  (P> .05) .  
However, the  number o f  q u a l i t y  grade  1 and 2 embryos were h ighe r  
(P<.01) a t  60 hours o f  c u l t u r e  f o r  embryos c o - c u l tu r e d  with  bTV 
(Treatment B) than  those  f o r  embryos c o - c u l tu r e d  i n s id e  bTV (Treatment 
A) or  in the  c o n t ro l  medium a lone (Trea tment C).  A f te r  96 hours o f  
c u l t u r e ,  t h e r e  were more q u a l i t y  grade 1 and 2 embryos in  Trea tment B 
than  in th e  c o n t ro l  t r e a tm e n t  (Trea tment C),  bu t  not  more than  in 
Treatment A (P> .05) .
The f i n a l  morphological  developmental s t a g e s  f o r  embryos a f t e r  96 
hours o f  c u l t u r e  a r e  p re s e n te d  in  t a b l e  5.  At th e  end o f  the  c u l t u r e  
p e r io d ,  the  embryos a s s e s se d  as v i a b l e  in  Treatment A ranged from l a t e  
morulae to  expanded b l a s t o c y s t s .  Four teen embryos (39%) in  Trea tment A 
had developed to  o r  beyond th e  f u l l  b l a s t o c y s t  s t a g e  of  development.
In Treatment B, th e  embryos ranged from l a t e  morulae to  hatched b l a s t o ­
c y s t s  a t  the  end o f  t h e  c u l t u r e  p e r io d ,  with  21 embryos (58%) develop­
ing to  o r  beyond th e  f u l l  b l a s t o c y s t  developmental s t a g e .
The c o n t ro l  embryos in  Trea tment C ranged from the  l a t e  morula to  
expanded b l a s t o c y s t  s t a g e  a t  th e  end o f  the  c u l t u r e  i n t e r v a l .  Only 9 
o f  th e  c o n t ro l  embryos (25%) had ach ieved  or  developed beyond th e  f u l l  
b l a s t o c y s t  s t a g e  o f  development fo l low ing  96 hours 1n c u l t u r e .  At the  
complet ion o f  t h e  exper iment (96 h o u r s ) ,  42% o f  th e  embryos c u l tu r e d
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TABLE 5. DEVELOPMENTAL STAGE OF EMBRYOS AFTER 96 HOURS OF CULTURE
Number o f  em bryos / tr ea tment
Embryo _________________________________
developmental
s t a g e  A B C
Late morula 6 1 3
Ear ly  b l a s t o c y s t 1 4 4
B la s t o c y s t 8 8 8
Expanded b l a s t o c y s t 6 7 1
Hatching b l a s t o c y s t 0 3 0
Hatched b l a s t o c y s t 0 3 0
Degenerated 15 10 20
Total  embryos / trea tment 36 36 36
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i n s i d e  bTV (Treatment A) and 5055 o f  the  embryos in  the  con t ro l  medium 
(Treatment C) had degene ra ted .  Only 28% o f  the  embryos c o -c u l tu r e d  
with  bTV (Treatment B) had degenera ted  a t  th e  end o f  the  96-hour c u l ­
t u r e  pe r io d .
Discussion
The mechanism by which t r o p h o b l a s t i c  v e s i c l e s  Improve embryonic 
development in v i t r o  has been shown to  be through the  s e c r e t i o n  of  
embryotrophic f a c t o r s  (Heyman e t  a l . ,  1987).  This  f a c t o r ( s )  has been 
found in  the  180 to  2500 MW f r a c t i o n  o f  medium ("co n d i t io n ed "  medium) 
c o l l e c t e d  from c u l t u r e s  o f  t r o p h o b l a s t i c  v e s i c l e s .  Heyman e t  a l .
(1987) compared the  Jjn v i t r o  development o f  1- to  2 - c e l l  bovine embryos 
c u l t u r e d  in B2 medium (Menezo, 1976) with  and w i thou t  t h i s  180 t o  2500 
MW f r a c t i o n .  S ix ty - two p re c e n t  o f  the  1- t o  2 - c e l l  bovine embryos 
c u l t u r e d  in medium supplemented with  t h i s  low MW f r a c t i o n  developed 
in t o  morulae Jjn v i t r o  compared w i th  21% c u l tu r e d  in  B2 medium a lone .
I t  i s  p o s s i b l e  t h a t  the  embryotrophic f a c t o r s  s e c r e t e d  by t ropho­
b l a s t i c  v e s i c l e s  might  be a t  a g r e a t e r  c o n c e n t r a t i o n  w i th in  the  lumen 
o f  the  bTV than  in the  sur rounding  medium. T h e re fo re ,  t h e  p r e s e n t  
s tudy  was conducted to  e v a l u a t e  th e  c o - c u l t u r e  o f  bovine embryos in s id e  
bTV.
The r e s u l t s  o f  t h i s  s tudy  sugges t  t h a t  r e -expans ion  o f  the  bTV i s  
nece ssa ry  f o r  s e c r e t i o n  o f  embryotrophic f a c t o r s  by the  bTV. I t  was 
noted  t h a t  when the  bTV used in  Trea tment A were opened f o r  i n s e r t i o n  
o f  an embryo th e  bTV would c o n t r a c t .  In 14 in s t a n c e s  (39%), the  bTV 
f a i l e d  to  re-expand dur ing  th e  c u l t u r e  p e r io d .  The embryos con ta ined  
in  13 o f  14 bTV (93%) which f a i l e d  t o  re -expand ,  were e i t h e r  degenera te
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or  o f  poor q u a l i t y  a t  the  end o f  th e  c u l t u r e  p e r io d .  The c lo s e  proxim­
i t y  o f  the  bTV t r o p h o b l a s t i c  c e l l s  may have i n h i b i t e d  adequa te biochem­
ic a l  exchange between the  embryo and the  bTV o r  th e  embryo/bTV and the  
c u l t u r e  medium o u t s id e  the  bTV. I t  has been no ted t h a t  the  the  f l u i d  
i n s i d e  the  bTV has d i f f e r e n t  c o n c e n t r a t i o n s  o f  medium components than 
th e  medium o u t s id e  the  bTV and i t  has been proposed t h a t  the  c lo se  
p rox im i ty  o f  the  co l l a p s e d  bTV t o  the  embryo may have caused the  
c o n c e n t r a t i o n s  of  some medium components w i th in  the  bTV to  reach a 
t o x i c  l e v e l  (Y. Menezo, personal  communication). The f a i l u r e  o f  the  
bTV to  re -expand may have c o n t r i b u t e d  to  the  f a i l u r e  o f  the  embryo to  
con t inue  i t s  development.
Although the  number o f  v i a b l e  appear ing  embryos (grades  1,  2 and 
3) between t r e a tm e n t s  in t h i s  s tudy  d id  not  d i f f e r ,  the  r e s u l t s  tend to  
s ugges t  t h a t  e i t h e r  o f  the  bTV c o - c u l t u r e  systems (Trea tments A and B) 
would m a in ta in  embryo q u a l i t y  lo nger  in v i t r o  than the  c u l t u r e  of  
embryos in  th e  CMRL medium a lone .  Embryo v i a b i l i t y  decreased  with  time 
in c u l t u r e  in a l l  t r e a tm e n ts  of  t h i s  s tu d y .  Other s t u d i e s  have shown 
t h a t  the  vn v i t r o  c u l t u r e  o f  embryos f o r  lo nge r  than  24 hours decreases  
embryo v i a b i l i t y  ( T e r v i t  e t  a l . ,  1972, ;  Willadsen  e t  a l . ,  1978).
The pe rcen tage  o f  v i a b l e  embryos (81%) c o - c u l tu r e d  with  bTV 
(Trea tment B) f o r  60 hours in t h i s  s tu d y ,  compares f a v o ra b ly  to  the 
p e rcen tage  o f  day 5 .5  t o  6 .5  bovine embryos (85%) c u l t u r e d  f o r  60 hours 
on a f e t a l  u t e r i n e  f i b r o b l a s t  monolayer (Wiemer e t  a l . ,  1987).  At 60 
hours in v i t r o , th e  bTV c o - c u l t u r e  method (Trea tment B) r e s u l t e d  in 
more good o r  e x c e l l e n t  q u a l i t y  embryos than  Trea tments B and C. Also,  
a t  t h e  end o f  th e  96-hour  c u l t u r e  p e r io d ,  the  embryos c o - c u l tu r e d  with  
bTV (Trea tment B) were a s s e s se d  as having h ighe r  embryo q u a l i t y  grades
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than the  embryos c u l t u r e d  in  medium alone  (Trea tment C). As p rev io u s ly  
mentioned,  th e  d e c l in e  in  embryo q u a l i t y  with  i n c r e a s in g  c u l t u r e  t ime 
in Treatment A could be caused by the  f a i l u r e  of  39% o f  th e  bTV to  
re-expand  in  c u l t u r e .
The f i n a l  developmental s t a g e  o f  th e  embryos in  the t r e a tm e n ts  in 
t h i s  s tudy  were compared to  determine i f  th e  advancement in embryonic 
development was normal. Prev ious  r e p o r t s  have i n d i c a t e d  t h a t  embryos 
c u l tu r e d  sev e ra l  days iji v i t r o  w i l l  lag in  development by one or  more 
days compared to  embryonic development iji vivo (Camous e t  a l . ,
1984b,c) .  The embryos a l l o t t e d  to  t h i s  s tudy were recovered  from the  
donor on day 4 .5  to  5 and c u l tu r e d  f o r  4 days .  I f  normal development 
had occured ,  the  embryos (day 8 .5  to  9) should have been expanded 
b l a s t o c y s t s  o r  hatched  b l a s t o c y s t s  a t  the  end of  th e  96-hour c u l t u r e  
per iod (Lindner and Wright ,  1983). In Trea tments A, B and C, 29%, 50% 
and 6% of  th e  v i a b l e  embryos,  r e s p e c t i v e l y ,  had developed to  the  
expanded b l a s t o c y s t  o r  ha tched b l a s t o c y s t  s t a g e s  a f t e r  96 hours of  
c u l t u r e .  A f te r  the  96-hour c u l t u r e  p e r io d ,  the  only  ha tch ing  or  
hatched b l a s t o -  c y s t s  (n=6) were in Treatment B. The remaining 
p o t e n t i a l l y  v i a b l e  embryos in the  t r e a tm e n t  groups ranged from l a t e  
morulae to  b l a s t o c y s t s .
Even though the  embryos lagged in development in a l l  o f  t h e  t r e a t ­
ments,  the  c o - c u l t u r e  t r e a tm e n t s  (A and B) were s u p e r i o r  t o  th e  con t ro l  
t r ea tm e n t  (C).  As p r e v io u s ly  ment ioned,  29% and 50% o f  t h e  v i a b l e  
embryos in Trea tments A and B, r e s p e c t i v e l y ,  had advanced t o  o r  beyond 
th e  expanded b l a s t o c y s t  s t a g e  of  development compared with  6% f o r  the 
co n t ro l  group (Trea tment C).
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These r e s u l t s  f u r t h e r  i n d i c a t e  t h a t  a c u l t u r e  system u t i l i z i n g  bTV 
could be advantageous to  .in v i t r o  embryo development.  This  conclus ion  
i s  in agreement w ith  those  o f  o th e r s  us ing th e  monolayer c u l t u r e  system 
(Kuzan and Wright ,  1982a,b ;  Allen  and Wright ,  1984) who have concluded 
t h a t  advancement o f  embryo developmental  s t a g e s  in  a c u l t u r e  system i s  
an i n d i c a t o r  t h a t  the  c u l t u r e  system i s  adequa te  f o r  embryo develop­
ment in  v i t r o .
The embryos in t h i s  s tudy  were not  t r a n s f e r r e d  to  r e c i p i e n t  f e ­
males to  e v a l u a t e  s u r v i v a l ,  so th e  q ues t ion  o f  j n  vivo  v i a b i l i t y  cannot  
be answered a t  t h i s  t ime.  F u r th e r  r e s e a rc h  us ing  t h i s  c u l t u r e  system 
in c on junc t ion  with  t r a n s f e r  to  r e c i p i e n t s  w i l l  i n d i c a t e  i t s  t r u e  use ­
fu ln e s s  as a c u l t u r e  system f o r  p recom pac t ion-s tage  bovine embryos. 
Other  s t u d i e s ,  using the  bTV c o - c u l t u r e  system have shown t h a t  pregnan­
c i e s  can be e s t a b l i s h e d  from bovine embryos c o - c u l tu r e d  with  bTV f o r  3 
to  4 days (Camous e t  a l . ,  1984b).
CHAPTER IV
EXPERIMENT I I I
THE CO-CULTURE OF INTACT AND BISECTED PREC0MPACTI0N-STA6E BOVINE 
EMBRYOS WITH BOVINE TROPHOBLASTIC VESICLES
I n t ro d u c t io n
In r e c e n t  y e a r s  s eve ra l  embryo micromanipula t ion  te chn iques  have 
been s u c c e s s f u l l y  developed f o r  producing monozygotic twin o f f s p r in g  
in farm an im als .  The developmental s t a g e  o f  the  embryo to  be micro­
manipulated  d i c t a t e s  which techn ique  i s  a p p r o p r i a t e  f o r  use .  P re ­
compaction s t a g e  embryos a re  b e s t  s u i t e d  f o r  b las tomere  s e p a r a t i o n  
t e c h n iq u e s ,  whereas pos tcom pac t ion -s tage  embryos a r e  e a s i l y  b i s e c t e d  
us ing  a m ic ro s u rg ica l  b lade  o r  a f i n e  g l a s s  need le .
The f i r s t  s u cces s fu l  a t t e m p t  to  a r t i f i c i a l l y  produce monozygotic 
twin o f f s p r i n g  in farm animals  was th rough b las tomere  s e p a r a t i o n  of
2 - c e l l  sheep embryos {Wil ladsen ,  1979).  Previous  a t tem p ts  to  micro- 
manipula te  e a r l y - s t a g e  embryos o f  farm animals had f a i l e d  due t o  the 
i n a b i l i t y  o f  th e s e  e a r l y - s t a g e  embryos t o  s u rv iv e  in  vivo  w i thou t  an 
i n t a c t  o r  nea r  i n t a c t  zona p e l l u c i d a  (Moore e t  a l . ,  1969; Trounson and 
Moore, 1974).
Wil ladsen  (1979) e l im i n a t e d  t h i s  problem by aga r  embedding p re -  
compac tion-s tage  embryos fo l low ing  m ic rom an ipu la t ion ,  t o  produce an 
" i n t a c t "  zona p e l l u c i d a .  The agar-embedded embryos were then  t r a n s ­
f e r r e d  t o  th e  l i g a t e d  ov id u c t  o f  an a n e s t ro u s  o r  d i e s t r o u s  ewe f o r  in 
vivo c u l t u r e .  A f t e r  th e  embryos had developed t o  th e  morula o r  b l a s t ­
o cy s t  s t a g e  j n  v i v o , th e  agar-embedded embryos were recovered  from th e
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ov iduc t  o f  t h e  ewe and removed from the  a g a r .  Those embryos which had 
normally developed were t r a n s f e r r e d  t o  r e s p e c t i v e  r e c i p i e n t s .  This 
approach was used to  produce the  f i r s t  twin lambs (W il ladsen ,  1979),  
twin and t r i p l e t  ca lves  (Wil ladsen  and Polge,  1981) and twin fo a l s  
(W il ladsen ,  1982).
Although the  techn ique  developed by Wil ladsen has been proven to  
be very  e f f e c t i v e  f o r  t h e  micromanipula t ion  and c u l t u r e  o f  e a r l y - s t a g e  
embryos, i t  was not  cons ide red  to  be p r a c t i c a l  f o r  r o u t i n e  use by em­
bryo t r a n s p l a n t  u n i t s .  This method was t ime consuming,  l a b o r  i n t e n ­
s iv e  and o f t e n  r e s u l t e d  in l o s t  embryos fo l low ing  the  in  vivo c u l t u r e .
A number o f  more p r a c t i c a l  embryo b i s e c t i o n  procedures  have been 
developed f o r  pos tcom pac t ion -s tage  embryos (Ozil  e t  a l . ,  1982; Wil­
liams e t  a l . ,  1982; Lambeth e t  a l . ,  1982; Wil ladsen  and Godke, 1984; 
Ror ie e t  a l . ,  1985). These procedures  have been widely  adap ted  by 
r e s e a r c h e r s  and the  embryo t r a n s p l a n t  i n d u s t r y  because they  can be 
performed on morulae and b l a s t o c y s t s  r o u t i n e l y  c o l l e c t e d  on day 7 to  8 
p o s t - e s t r u s .  With t h i s  approach t o  b i s e c t i n g  l a t e r - s t a g e  embryos, the  
embryos can then  be d i r e c t l y  t r a n s f e r r e d  t o  r e c i p i e n t s  w i thou t  t h e  use 
o f  agar  embedding o r  an in t e rm e d ia te  r e c i p i e n t  f o r  in  vivo  c u l t u r e .
Although th e  embryo b i s e c t i o n  te chn iques  developed f o r  l a t e r -  
s t a g e  embryos a r e  more p r a c t i c a l  and l e s s  t ime consuming than  th e  
p r e s e n t  b las tomere  s e p a r a t i o n  t e c h n iq u e ,  the  b las tomere  s e p a r a t i o n  
techn ique  has an advan tage .  The b i s e c t i o n  techn ique  used f o r  p o s t ­
compacti o n - s t a g e  embryos d e s t ro y s  15% o r  more o f  th e  embryonic c e l l s  
dur ing  th e  b i s e c t i o n  process  (P ic a rd  e t  a l . ,  1986; Skrzyszowska and 
Smorag, 1987; Chesne e t  a l . ,  1987). In c o n t r a s t ,  t h e  b la s tom ere  sep­
a r a t i o n  techn ique  r e s u l t s  in  l i t t l e  o r  no i n j u r y  t o  the  embryonic
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c e l l s ,  s i n c e  the  b la stomeres  a r e  mechanica l ly  s e p a ra t e d  r a t h e r  than 
d i s s e c t e d .
Embryo m icrom anipu la t ion ,  us ing th e  b la stomere  s e p a ra t io n  t e c h ­
n ique ,  would become a more p r a c t i c a l  method f o r  producing monozygotic 
twins i f  the  requirement f o r  agar  embedding and J_n vivo  c u l t u r e  could 
be e l im i n a t e d .  I f  an adequa te  in  v i t r o  c u l t u r e  system were a v a i l a b l e ,  
l a t e  p recom pac t ion-s tage  embryos could be c o l l e c t e d  and b lastomere 
s e p a r a t i o n  performed to  produce demi-embryos ( " h a l f "  embryos).  These 
demi-embryos could then  be c u l tu r e d  f o r  1 or  2 days j n  v i t r o  to  the  
morula s tag e  and t r a n s f e r r e d  d i r e c t l y  to  r e c i p i e n t  an imals .
Embryos a r e  not  r o u t i n e l y  c u l t u r e d  f o r  more than 24 hours j n  
v i t r o  befo re  t r a n s f e r  to  r e c i p i e n t s ,  s in c e  th e  v i a b i l i t y  of  embryos 
c u l t u r e d  in medium a lone  d e c l i n e s  a f t e r  24 hours o f  in  v i t r o  c u l t u r e  
( T e r v i t  e t  a l . ,  1972; Wil ladsen e t  a l . ,  1978).  A number o f  embryo co­
c u l t u r e  systems,  however, have been re p o r te d  in  the  l i t e r a t u r e  which 
main ta in  embryo v i a b i l i t y  lo nger  j j i  v i t r o  than medium a l o n e .  Kuzan 
and Wright (1982b) f i r s t  r e p o r te d  on the  s ucces s fu l  use o f  a monolayer 
of  bovine u t e r i n e  or  t e s t i c l u a r  f i b r o b l a s t s  f o r  the  c u l t u r e  o f  bovine 
morulae.  The u t e r i n e  f i b r o b l a s t  monolayer c o - c u l t u r e  system has a l s o  
been e v a lu a te d  f o r  t h e  c u l t u r e  o f  day-7 bovine demi-embryos and has 
been shown t o  be s u p e r io r  to  medium a lone  f o r  th e  s h o r t - t e r m  as well 
as  long- term c u l t u r e  o f  b i s e c t e d  embryos (Voelkel  e t  a l . ,  1984a, 
1985a).
Recen t ly ,  bovine embryos have been c u l t u r e d  from th e  5-  t o  8 - c e l l  
s t a g e  to  the  morulae o r  b l a s t o c y s t  s t a g e s  us ing  a c o - c u l t u r e  system of  
ov id u c ta l  ep i th e l iu m  (Eyestone e t  a l . ,  1987).  In a d d i t i o n ,  t ropho­
b l a s t i c  v e s i c l e s ,  produced from trophec toderm s e c t i o n s  o f  day 13 o r  14
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bovine embryos,  have been used t o  c u l t u r e  bovine embryos from the  1- 
t o  8 - c e l l  s t a g e s  t o  morulae (Camous e t  a l . ,  1984a).  The t r o p h o b l a s t i c  
v e s i c l e  c o - c u l t u r e  system i s  the  only  c o - c u l t u r e  system to  da te  t h a t  
has been shown t o  be e f f e c t i v e  f o r  c u l t u r i n g  bovine embryos from the 
1 - c e l l  s t a g e  th rough th e  8-  to  1 2 -ce l l  developmental block s t a g e  to  
morulae.  T ro p h o b la s t i c  v e s i c l e s  s e c r e t e  f a c t o r s  which promote the 
growth and development o f  bovine embryos (Heyman e t  a l . ,  1987a). 
Condi t ioned medium, c o l l e c t e d  from c u l t u r e s  o f  t r o p h o b l a s t i c  v e s i c l e s ,  
has been shown to  be as e f f e c t i v e  f o r  c u l t u r i n g  p recompaction-s tage  
bovine embryos as the  c o - c u l t u r e  o f  embryos with  t r o p h o b l a s t i c  ves­
i c l e s  (Heyman e t  a l . ,  1987a).  Since t r o p h o b l a s t i c  v e s i c l e s  s e c r e t e  
f a c t o r s  which promote th e  development o f  i n t a c t  e a r l y - s t a g e  bovine 
embryos,  t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  might  a l s o  be o f  value in 
th e  c u l t u r e  o f  micromanipulated  e a r l y - s t a g e  bovine embryos.
The o b j e c t i v e  o f  t h i s  s tudy  was to  i n v e s t i g a t e  the  f e a s i b i l i t y  of  
c u l t u r i n g  bovine demi-embryos, produced by b las tomere  s e p a ra t i o n  of  
p recom pact ion-s tage  embryos,  with  bovine t r o p h o b l a s t i c  v e s i c l e s .
M a te r i a l s  and Methods
Embryo Donors
Twelve mature Angus, Hereford and Brahman c ro s s b red  b ee f  cows 
vary ing  in age from 3 t o  11 y e a r s  served  as embryo donors f o r  t h i s  
s tudy .  The cows were ma in ta ined  on g ra s s  hay and bermudagrass p a s tu r e  
and were in  e x c e l l e n t  t o  good body c o n d i t i o n .  These donor cows ranged 
in weigh t  from 565 t o  660 kg. S t a r t i n g  on days 10 to  15 o f  the  e s t r o u s  
cyc le  (day 0 = o nse t  o f  e s t r u s ) ,  the  p o t e n t i a l  donor females were 
s u pe rovu la ted  us ing  a 4-day  descending dose t r e a tm e n t  of  tw ice d a i l y
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i n j e c t i o n s  (im) o f  f o l l i c l e  s t i m u la t io n  hormone (FSH:FSH-P, Scher ing 
Corp . ,  Omaha, Nebraska).  Each donor re c i e v e d  a t o t a l  FSH dose o f  28 mg 
dur ing  the  4-day  s u p e ro v u la t io n  p e r io d .  At 48 hours a f t e r  t h e  i n i t i a l  
FSH i n j e c t i o n ,  l u t e a l  r e g r e s s io n  was Induced with  a s i n g l e  500 pg dose 
(im) o f  c lo p ro s t e n o l  (Es trumate :  Miles L a b o r a t o r i e s ,  Shawnee, Kansas).  
The donor cows were mated n a t u r a l l y  a t  e s t r u s  with  an Angus bu ll  o f  
known f e r t i l i t y  fol lowed  by a r t f i c i a l  in sem ina t ion  with  two u n i t s  of  
frozen  semen 24 hours a f t e r  the  o nse t  o f  e s t r u s .
Embryo Recovery
Embryos were n o n - s u r g i c a l l y  recovered  from nine  donors on day 4 .5  
f o r  p recom pac t ion-s tage  embryos and on day 13.5 (from t h r e e  donors)  f o r  
bovine t r o p h o b l a s t i c  v e s i c l e  (bTV) p ro d u c t io n .  U te r ine  horns were 
f lu shed  us ing an 18 t o  20 French Foley c a t h e t e r  and Dulbecco 's  phos­
p h a t e -b u f f e r e d  s a l i n e  (PBS) with  2% (v /v )  f e t a l  c a l f  serum (FCS) and an 
a n t i b i o t i c - a n t i m y c o t i c  (Ab-Am) s o l u t i o n .  The Ab-Am s o l u t i o n  was used 
in the  f l u s h in g  medium a t  a c o n c e n t r a t i o n  o f  100 u n i t s  o f  p e n i c i l l i n ,  
100 pg o f  s t rep tomycin  and .25 pg o f  amphoteric in-B per  ml o f  medium. 
The embryos were ma in ta ined  a t  room tem pera tu re  (20°C) in  a modif ied  
PBS hold ing  medium (HM) a f t e r  recovery  and p r i o r  to  assignment to  
t r e a tm e n t .  The HM was composed o f  PBS w i th  103! (v /v )  FCS, 4 .0  gm/1 o f  
bovine serum albumin,  1 .0  gm/1 o f  g lu c o se ,  .036 gm/1 o f  pyruv ic  ac id  
and Ab-Am.
Experimental  Treatments
The embryos recovered  from each donor were e v a lu a te d  f o r  morpho­
lo g i c a l  q u a l i t y  and developmental s t a g e  us ing  a s te reom icroscope  (100X) 
and fo l lowing  the  g u id e l in e s  as d e s c r ib e d  by Lindner and Wright (1983) .
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Embryos (n=33 / t rea tm en t )  were ass igned  a t  random w i th in  donor and 
developmental  s t a g e  ac ros s  the t r ea tm e n ts  ( f i g u r e  3 ) .  Within each 
group of  t h r e e  embryos a s s igned  ac ross  t r e a t m e n t s ,  one embryo was r a n ­
domly s e l e c t e d  f o r  b i s e c t i o n .  The embryo was b i s e c t e d  us ing  b l a s t o ­
mere s e p a r a t io n  and an equal number o f  b la s tomeres  were placed in t o  th e  
o r i g i n a l  and a f o r e ig n  zona p e l lu c id a  (ZP). One o f  the  r e s u l t i n g  
demi-embryos (DE) was ass igned  to  Treatment A ( c u l t u r e d  in  medium 
alone)  and the  remaining DE o f  each DE p a i r  was a l l o t e d  to  Treatment B 
( c o - c u l tu r e d  with a bTV). I n t a c t  embryos were a l l o t e d  to  Treatment C 
( c u l t u r e  in  medium a lone)  and Treatment D ( c o - c u l tu r e d  with  a bTV). A 
r e n t  was c u t  in the  zonae p e l lu c id a e  o f  the  embryos in Trea tments C and 
D, using a f i n e  g la s s  need le  c o n t r o l l e d  by a micromanipu la to r ,  in  o rd e r  
to  s im u la te  the opening in  the zona p e l lu c id a  o f  the  b i s e c t e d  embryos 
a l l o t e d  to  Treatments A and B.
Embryo B is e c t io n
The DE a l l o t e d  to  Trea tments A and B were produced by micro-  
su rg ic a l  ly  s e p a r a t i n g  the  b la s tomeres  o f  each embryo i n t o  two equal 
p o r t i o n s  s i m i l a r  to  the  procedure desc r ib e d  by Willadsen (1982).  The 
micromanipulat ion procedure was accomplished in  an open 75 mm p l a s t i c  
p e t r i  d i s h  (Lux) c o n ta in in g  30 ml o f  HM. A 150 um f i r e  p o l i she d  
s u c t io n  p i p e t t e  and a 70 ym beveled t r a n s f e r  p i p e t t e ,  each c o n t r o l l e d  
by a s e p a r a t e  L ie tz  micromanipu la to r ,  were used during th e  micromanip­
u l a t i o n  p rocedure .  The embryo was p o s i t i o n e d  with  the  s u c t io n  p i ­
p e t t e ,  while  the  beveled t r a n s f e r  p i p e t t e  was i n s e r t e d  th rough the  ZP 
o f  the  embryo. Medium was then in t roduced  i n t o  the  ZP from the  t r a n s ­
f e r  p i p e t t e  to  f l u s h  the  b la s tomeres  out  o f  th e  ZP and i n t o  th e  s u r -
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FIGURE 3. ILLUSTRATION OF THE 
TREATMENTS IN EXPERIMENT III
Treatment A
Demi-embryos cultured 




with a  bTV 
(n=33)
Treatment C
Intact em bryos cultured 
in medium alone 
(n=33)
Treatment D
Intact em bryos co-cultured 
with a  bTV 
(n=33)
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rounding medium. The b la s tom eres  were then se p a ra t e d  by p i p e t t i n g  the 
b la s tomeres  seve ra l  t imes with  a hand-held  g l a s s  p i p e t t e .  The sepa­
r a t e d  b la s tomeres  were counted and o n e - h a l f  o f  t h e  b la s tomeres  were 
drawn up i n t o  the  t r a n s f e r  p i p e t t e  f o r  i n t r o d u c t i o n  i n t o  a ZP. The 
remaining b la s tom eres  were p laced  i n t o  a p r e v io u s ly  prepared  evacua ted 
ZP ob ta ined  from an u n f e r t i l i z e d  o r  degene ra te  bovine ova.
T ro p h o b la s t ic  V es ic le  Product ion
Bovine t r o p h o b l a s t i c  v e s i c l e s  were prepared  from day 13.5 t o  14 
e longa ted  embryos 24 t o  36 hours p r i o r  to  the  c o l l e c t i o n  o f  precompac- 
t i o n - s t a g e  embryos. The e longa ted  embryos were c u t  i n t o  embryonic 
s e c t i o n s  us ing  the  procedure p re v io u s ly  de s c r ib e d  by Ror ie e t  a l .  
(1987a) .  The embryos were then p laced  in t o  a p l a s t i c  p e t r i  d i sh  with 
.1 to  .2 ml o f  HM and c u t  i n t o  embryonic s e c t i o n s  1 t o  2 mm2 in  s i z e  
with  a r a z o r  b lade  held by a p a i r  o f  hem osta ts .  The embryonic s e c t i o n  
co n ta in in g  the  embryonic d i s c  was d i s c a rd e d .  Bovine t r o p h o b l a s t i c  ves ­
i c l e s  o f  s i m i l a r  s i z e  and appearance ,  which had expanded to  a d iamete r  
of  1 to  2 mm fo l lowing  the  24- t o  36-hour  c u l t u r e  p e r io d ,  were s e ­
l e c t e d  f o r  c o - c u l t u r e  with  DE and i n t a c t  embryos in  Trea tments B and D, 
r e s p e c t i v e l y  .
In V i t ro  Cu l tu re
The embryonic s e c t i o n s  f o r  bTV produc t ion  were c u l t u r e d  in Nunc 
fou r -w e l l  c u l t u r e  p l a t e s  co n ta in in g  1 ml/wel l  o f  CMRL 1066 medium 
(Sanyal and N a f t o l i n ,  1983) with  10% (v /v )  FCS and Ab-Am. The embryos 
in  Trea tments  A, B, C and D were i n d i v i d u a l l y  c u l t u r e d  in 96-well 
c u l t u r e  p l a t e s  with  .3 ml/well  o f  CMRL 1066 medium with  10% (v /v )  FCS 
and Ab-Am. All c u l t u r e s  were ma in ta ined  a t  37°C in  a humidif ied  atmos-
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phere o f  5% C02 in a i r .  Hal f  o f  th e  medium in  each well was r ep laced  
a f t e r  3 days o f  c u l t u r e .  The embryos were e v a lu a te d  every  24 hours f o r  
morphological  q u a l i t y  ( I s  e x c e l l e n t ;  2= good; 3= f a i r ;  4= degene ra te )  
and developmental s tage  dur ing th e  96-hour  c u l t u r e  p e r io d ,  us ing  th e  
c r i t e r a  as e s t a b l i s h e d  by Lindner and Wright  (1983) .  Embryos which ad­
vanced in developmental s tage  and appeared  normal,  based o f  the  e v a lu a ­
t i o n  c r i t e r a ,  were cons idered  v i a b l e  embryos in  t h i s  s tu d y .
• S t a t i s t i c a l  Analysis
The embryo v i a b i l i t y  sco res  a s s igned  to  embryos in  t h i s  s tudy  were 
analyzed  by a s s ig n in g  a sco re  of  "1" t o  v i a b l e  embryos and a sco re  of  
"0" to  no n -v iab le  embryos. Also ,  t h e  q u a l i t y  grade 1 o r  2 embryos in 
each t r e a tm e n t  were a s s inged  a sco re  o f  "1" and the  grade  3 and 
degene ra te  embryos were ass igned  a s c o re  o f  "0" .  Embryo v i a b i l i t y  and 
q u a l i t y  sco res  f o r  the  t r ea tm e n ts  and t r e a tm e n t  i n t e r a c t i o n s  were 
compared us ing one-way a n a l y s i s  o f  v a r ia n ce  (S tee l  and T o r i e ,  1980).  
Treatment means were compared, us ing  Tukey 's  s i g n i f i c a n t  d i f f e r e n c e  
t e s t  (S tee l  and T o r i e ,  1980).
R esu l t s
Embryo Recovery and Micromanipulat ion
A t o t a l  o f  99 v ia b le  appear ing  embryos were recovered  from nine 
donor cows on day 4 .5  o f  the  c y c l e .  These embryos were randomly 
ass igned  by donor and developmental s t a g e  ac ro s s  the  t r e a tm e n t s .  
Twenty-seven o f  the  embryos were a t  t h e  8 - c e l l  s t a g e  o f  development a t  
recovery  and the  remaining embryos con ta ined  16 c e l l s  each.
A t o t a l  o f  21 v i a b l e  e longa ted  embryos were recovere d  from t h r e e  
donors on day 13.5 p o s t -b r e e d in g .  These e longa ted  embryos were
70
s u c c e s s f u l l y  d i s s e c t e d  i n t o  embryonic s e c t i o n s  f o r  bTV produc t ion .  
G rea te r  than 90% o f  the  embryonic t i s s u e  s e c t i o n s  developed in t o  ex­
panded bTV a f t e r  24 to  36 hours o f  in  v i t r o  c u l t u r e .
All 33 o f  the  8-  to  1 6 -c e l l  embryos ass igned  to  Trea tments A and B 
were s u c c e s s f u l l y  b i s e c t e d  us ing the  b la stomere  s e p a r a t i o n  techn ique .  
The b las tomere  s e p a r a t i o n  techn ique  averaged 5 minutes to  perform on 
each embryo. No apparen t  i n j u r y  to  the  b la s tomeres  was noted  during  
the  b i s e c t i o n  procedure .
In V i t ro  Cu l tu re
The v i a b i l i t y  and morphological  q u a l i t y  o f  the  embryos fo l lowing  
48 and 96 hours o f  j n  v i t r o  c u l t u r e  a re  p resen ted  in t a b l e  6 .  A f te r  48 
hours of  c u l t u r e ,  8 of  the  DE (24.2%) in Treatment A were eva lua ted  to  
be v i a b l e ,  with  5 DE (15.2%) being c l a s s i f i e d  as e x c e l l e n t  o r  good 
q u a l i t y  (embryo q u a l i t y  grade 1 o r  2 ) .  At the  end o f  the  96 hour 
c u l t u r e  p e r i o d ,  5 DE (15.2%) remained v i a b l e ,  bu t  only  1 DE (3%) was o f  
e x c e l l e n t  to  good q u a l i t y .
In Treatment B, 17 DE (51.5%) and 10 DE (30.3%) were judged to  be 
v i a b l e  and o f  e x c e l l e n t  o r  good q u a l i t y  a f t e r  48 hours in c u l t u r e ,  
r e s p e c t i v e l y .  At 96 hours i £  v i t r o , 13 o f  the  DE (39.4%) in  Treatment 
B were c l a s s i f i e d  as v i a b l e ,  with  10 DE (30.3%) o f  good o r  e x c e l l e n t  
q u a l i t y .  There were a s i m i l a r  number o f  v i a b l e  embryos (grades  1,  2 
and 3) in Trea tments A and B throughout the  c u l t u r e  per iod  (P>.05) .
The q u a l i t y  o f  the  DE in Treatments  A and B were s i m i l a r  a f t e r  48 hours 
o f  c u l t u r e .  However, t h e r e  were more e x c e l l e n t  o r  good q u a l i t y  DE 
(P<.05) in  Treatment B a t  the  end o f  the  c u l t u r e  pe r iod .
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TABLE 6.  VIABILITY AND QUALITY OF BISECTED AND INTACT EMBRYOS 
CO-CULTURED WITH BOVINE TROPHOBLASTIC VESICLES
48 Hours in v i t r o 96 Hours in v i t r o
Number(%) Number(%} Number (3!) Number(%)
* Number o f o f  v i a b l e o f  grade o f  v i a b l e o f  grade
Treatment embryos embryos 1&2 embryos embryos 1&2 embryos
A 33 8 ( 2 4 . 2%)a 5 ( 1 5 . 2%)a 5 ( 1 5 . 2%)a 1 ( 3 .0%)ad
B 33 17(51 .5%)ad 10(30 .3%)a 13(39 .4%)ad 10(30 .3%)b
C 33 2 1 (6 3 .6%}bd 13(39 .4%)ab 16(48 .5%)bd 7(21.2%)bd
D
*" - ...........
33 3 1 (9 4 .0%)C 20(60 .6%)b 28(84 .8%)C 21(63.6%)c
Treatment A and B were DE c u l tu r e d  in  the  c o n t ro l  medium a lone  and 
c o - c u l tu r e d  with  bTV, r e s p e c t i v e l y .  Trea tment C embryos were c u l tu r e d  
i n t a c t  in  the  c o n t ro l  medium a lone  and Treatment D embryos were i n t a c t  
embryos c o - c u l tu r e d  with  bTV.
*  L  .  J
* * ’ Numbers in the  same columns with  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  
( P<.0 5 ) .
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Twenty-one of  th e  i n t a c t  embryos (63.6%) c u l t u r e d  In medium a lone  
in Treatment C were judged to  be v i a b l e  a f t e r  48 hours o f  in v i t r o  
c u l t u r e .  Of t h e s e ,  13 (39.4%) were cons ide red  t o  be o f  e x c e l l e n t  or  
good morphological  q u a l i t y .  When th e  embryos in  Treatment C were 
removed from c u l t u r e  a t  96 hours ,  16 (48.5%) o f  th e s e  were cons idered  
v i a b l e  and 7 (21.2%) were judged as good o r  e x c e l l e n t  q u a l i t y .
Of the  33 embryos c o - c u l tu r e d  with  bTV in Treatment D, 31 (94%) 
were c l a s s i f i e d  v i a b l e  a f t e r  48 hours o f  c u l t u r e .  Twenty (60.6%) of  
t h e se  were e x c e l l e n t  o r  good q u a l i t y .  At t h e  t e rm in a t io n  o f  c u l t u r e  
(96 h o u rs ) ,  28 o f  the  embryos (84.8%) in  Treatment D were judged t o  be 
v ia b le  and 21 (63,6%) were cons idered  to  be e x c e l l e n t  or  good q u a l i t y .  
A f t e r  48 hours o f  c u l t u r e ,  t h e r e  were a s i m i l a r  number o f  q u a l i t y  grade 
1 o r  2 embryos in Trea tments C and D, bu t  t h e r e  were more v ia b le  
embryos (P<.05) in  Treatment D than in Treatment C. At th e  end o f  the  
96-hour c u l t u r e  p e r io d ,  t h e r e  were more embryos cons ide red  v i a b l e  and 
q u a l i t y  grade 1 o r  2 in  Treatment D than  in  th e  o t h e r  t r ea tm e n ts  
(P<.01) .
A comparison of  the  number o f  v i a b l e  embryos in  Trea tments A and C 
i n d i c a t e  t h a t  the  o v e r a l l  v i a b i l i t y  was lower (P<.01) f o r  b i s e c t e d  
embryos than  f o r  embryos c u l t u r e d  i n t a c t  (Trea tment C). However, the  
c o - c u l t u r e  o f  a bTV with  a b i s e c t e d  embryo (Trea tment B) r e s u l t e d  in 
the  b i s e c t e d  embryos having v i a b i l i t y  and q u a l i t y  s co re s  s i m i l a r  to  
t h a t  o f  i n t a c t  embryos (Treatment C).
The number o f  v i a b l e  and q u a l i t y  g rade  1 o r  2 b i s e c t e d  embryos 
(Treatments A and B) were lower (P<.01) th roughout the  96-hour  c u l t u r e  
per iod  than  th e  number o f  v i a b l e  and q u a l i t y  grade 1 o r  2 i n t a c t  em­
bryos (Treatments C and D). A lso ,  the  c u l t u r e  o f  b i s e c t e d  and i n t a c t
73
embryos with  bTV (Treatments B and D) r e s u l t e d  in  more (P<.01) v i a b l e  
and e x c e l l e n t  to  good q u a l i t y  embryos a t  t h e  end o f  the  the  c u l t u r e  
per iod  than d id  the  c u l t u r e  o f  embryos in  the  c o n t ro l  medium alone  
(Treatments A and C). At the  end o f  the  96-hour  c u l t u r e  per iod  85%, 
61%, 52% and 12% o f  t h e  embryos a l l o t t e d  t o  Trea tments A, B, C and D, 
r e s p e c t i v e l y ,  were judged t o  be d e g en e ra te .
The f i n a l  developmental  s tag es  o f  th e  embryos a l l o t t e d  to  the  
t r e a tm e n ts  in t h i s  s tudy  a re  p resen ted  in t a b l e  7.  In Treatment A, 
fo u r  o f  the  f i v e  v i a b l e  embryos (80%) were b l a s t o c y s t s  a f t e r  96 hours 
of  c u l t u r e .  The v i a b l e  appear ing embryos in  Treatment B ranged from 
l a t e  morulae to  expanded b l a s t o c y s t s  a t  th e  end o f  the  96-hour c u l t u r e  
p e r io d .  Eleven of  13 embryos (84.4%) cons idered  v i a b l e  had developed 
to  o r  beyond the  b l a s t o c y s t  s t a g e  o f  development by th e  end o f  the  
c u l t u r e  p e r io d .
At the  end o f  c u l t u r e ,  t h e  developmental  s t a g e s  o f  the  16 v ia b le  
embryos in  Trea tment C ranged from l a t e  morulae t o  hatched b l a s t o ­
c y s t s .  Ten o f  16 embryos (62.5%) had developed to  the  b l a s t o c y s t  or  
hatched b l a s t o c y s t  s t a g e  o f  development.  Twenty-four (85.7%) l a t e  
morula and ha tched b l a s t o c y s t  s t a g e  embryos cons ide red  v i a b l e  in 
Treatment D had ach ieved  a t  l e a s t  th e  b l a s t o c y s t  s t a g e  o f  development 
a f t e r  96 hours o f  in v i t r o  c u l t u r e .
Discussion
Prev ious  s t u d i e s  with  farm animal embryos have shown t h a t  the  
p resence  o f  an i n t a c t  o r  nea r  i n t a c t  ZP i s  n ece s s a ry  f o r  pre-compac­
t i o n  s t a g e  embryos t o  s u rv iv e  j n  vivo (Moore e t  a l . ,  1969; Trounson and 
Moore, 1974; Massey e t  a l . ,  1982). The only  s o l u t i o n  to  t h i s  problem
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TABLE 7.  FINAL DEVELOPMENTAL STAGES OF INTACT AND BISECTED BOVINE 
EMBRYOS CULTURED WITH OR WITHOUT BOVINE TROPHOBLASTIC VESICLES.
Embryo
developmental Trea tment3
s ta g e A B C D
Late morula 0 1 3 1
E ar ly  b l a s t o c y s t 1 1 3 3
B la s t o c y s t 4 8 8 11
Expanded b l a s t o c y s t 0 3 0 10
Hatched b l a s t o c y s t 0 0 2 3
Degenerated 28 20 17 5
Total  em bryos / t rea tm ent 33 33 33 33
3 Treatment A and B were DE c u l t u r e d in  th e c o n t ro l  medium alone  and
c o - c u l t u r e d  with  bTV, r e s p e c t i v e l y .  Trea tment C embryos were c u l t u r e d  
i n t a c t  in  the  c o n t ro l  medium a lone  and Trea tment D embryos were i n t a c t  
embryos c o - c u l tu r e d  with  bTV.
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to d a t e  has been the  a g a r  embedding o f  micromanipulated precompaction- 
s tage  embryos t o  produce an " i n t a c t "  ZP and _in vivo  c u l t u r e  to  the  
morula o r  b l a s t o c y s t  s t a g e s ,  which have shown to  be ab l e  t o  s u rv ive  in  
vivo  w i thou t  an i n t a c t  ZP (W il ladsen ,  1979).
Seidel  (1982) has r ep o r te d  t h a t  an i n t a c t  ZP i s  no t  r e q u i r e d  fo r  
p recom pact ion-s tage  bovine embryos t o  su rv ive  j n  v i t r o  . I f  an in  
v i t r o  c u l t u r e  system were a v a i l a b l e  which would adequa te ly  ma in ta in  
embryo v i a b i l i t y  f o r  2 o r  more days ,  then  micromanipula t ion  s t u d i e s  
could be conducted with  precompaction-s tage  embryos w i thou t  the  need 
f o r  a g a r  embedding or  in  vivo c u l t u r e .  This  would make micromanipula­
t i o n  s t u d i e s  with  precom pac t ion-s tage  embryos more p r a c t i c a l  than  a t  
p r e s e n t .
The p r e s e n t  s tudy  was under taken  t o  e v a l u a t e  whether the  co­
c u l t u r e  o f  micromanipulated p recom pact ion -s tage  embryos with  bTV would 
m a in ta in  the  v i a b i l i t y  o f  th e se  embryos f o r  a 4-day c u l t u r e  p e r io d .
The iji v i t r o  c o - c u l t u r e  systems re p o r te d  in the  l i t e r a t u r e  have been 
shown to  be s u p e r i o r  to  the  c u l t u r e  o f  embryos in  medium a lone (Kuzan 
and Wright ,  1982a,b ;  Voelkel e t  a l . ,  1984a,1985a;  Wlemer e t  a l . ,  1987; 
Eyestone e t  a l . ,  1987; Camous e t  a l . ,  1 9 8 4 a ,b ,c ;  Heyman e t  a l . ,  1987a).  
The bTV c o - c u l t u r e  system has an advantage over  o t h e r  c o - c u l t u r e  s y s ­
tems in t h a t  bTV have been shown to  s e c r e t e  growth promoting f a c t o r s  
(Heyman e t  a l . ,  1987b).
In the  p r e s e n t  s tu d y ,  the  v i a b i l i t y  and q u a l i t y  o f  " h a l f "  and 
i n t a c t  p recom pac t ion-s tage  embryos c u l t u r e d  with  o r  w i thou t  bTV were 
compared. The number o f  embryos assumed v i a b l e  in  each t r e a tm e n t  were 
those  embryos which were cons ide red  to  be o f  e x c e l l e n t  t o  f a i r  q u a l i t y  
a t  th e  t ime o f  e v a l u a t i o n .  The q u a l i t y  grade 1 and 2 embryos a r e  those
76
which were cons idered  t o  be o f  a morphological q u a l i t y  t h a t  could be 
t r a n s f e r r e d  t o  r e c i p i e n t s  with  optimal p o t e n t i a l  f o r  p regnanc ies .
A comparison o f  Trea tments A and B tend  to  i n d i c a t e  t h a t  the  co­
c u l t u r e  o f  DE with bTV did  not  m a in ta in  embryo v i a b i l i t y  over  t h a t  
achieved with  medium a lo n e .  However, t h e r e  was a t r e n d  f o r  more em­
bryos to  s u rv iv e  the  jm v i t r o  c u l t u r e  in  Treatment B. In t h i s  s tudy ,  
30% o f  the  DE c o - c u l tu r e d  with  bTV were o f  e x c e l l e n t  o r  good q u a l i t y  
a t  the  end of  the  96-hour c u l t u r e  pe r io d .  In comparison,  the  agar  
embedding and in vivo c u l t u r e  techn ique  f o r  micromanipulated precom­
p a c t i o n - s t a g e  embryos has r e s u l t e d  in 57 t o  77% o f  the  micromanipu la t­
ed embryos being c l a s s i f i e d  as normal a t  the  t ime o f  recovery  from the  
i n t e rm e d ia te  hos t  (W il ladsen ,  1979; Willadsen and Polge ,  1981).
The r e s u l t s  o f  t h i s  s tudy  i n d i c a t e  t h a t  the  c u l t u r e  o f  i n t a c t  em­
bryos with  bTV i s  s u p e r i o r  to  the  c u l t u r e  o f  i n t a c t  o r  b i s e c t e d  em­
bryos in  medium a lo n e .  The number o f  v i a b l e  embryos and embryo q u a l ­
i t y  in Trea tment D was c o n s i s t a n t l y  h ighe r  than  f o r  any o th e r  t r e a t ­
ment in  t h i s  s tu d y .  The c o - c u l t u r e  o f  i n t a c t  day 4 .5  embryos ( T r e a t ­
ment D) compares f avo rab ly  with  the  r e s u l t s  achieved by Wiemer e t  a l .  
(1987) who c u l tu r e d  day 5 .5  to  6 .5  bovine embryos on a f e t a l  u t e r i n e
f i b r o b l a s t  monolayer.  In t h i s  s tu d y ,  85% o f  the  day 5 .5  to  6 .5  bovine
embryos c u l t u r e d  on a f e t a l  f i b r o b l a s t  monolayer were cons idered  v i a ­
b le  a f t e r  60 hours o f  in v i t r o  c u l t u r e .
In th e  p r e s e n t  s tu d y ,  85% o f  the  i n t a c t  embryos c u l t u r e d  with  bTV
were a l s o  judged t o  be v i a b l e  a t  96 hours in  v i t r o . The same pe rcen t
v i a b i l i t y  was ma in ta ined  in  t h e  p r e s e n t  s tudy  f o r  36 hours longer  and 
with  bovine embryos i n i t i a l l y  a t  t h e  8-  to  1 6 -c e l l  s t a g e  of  develop­
ment,  r a t h e r  than with  the  i n i t i a l  developmental  s t a g e  o f  morulae.
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At the  end o f  th e  c u l t u r e  p e r io d ,  more o f  the  i n t a c t  embryos 
(Trea tment C) were cons ide red  v i a b l e  and o f  q u a l i t y  grade 1 or  2 than 
were the  number o f  b i s e c t e d  embryos (Treatment A). However, the  r e ­
s u l t s  o f  t h i s  s tudy  do i n d i c a t e  t h a t  the  number o f  v i a b l e  and q u a l i t y  
grade 1 o r  2 DE c o - c u l tu r e d  with  bTV (Trea tment B) were equal to  t h a t  
o f  i n t a c t  embryos c u l t u r e d  in medium a lone  (Trea tment  C).
Treatments A and B (demi-embryos) were compared with  Treatments C 
and D ( i n t a c t  embryos) t o  de te rmine th e  o v e ra l l  e f f e c t  o f  embryo b i s e c ­
t i o n  on embryo v i a b i l i t y  and morphological  q u a l i t y .  The r e s u l t s  of  
t h i s  s tudy  show t h a t  b i s e c t i o n  o f  the  8 -  to  1 6 -c e l l  embryos used in 
t h i s  s tudy  reduced both th e  v i a b i l i t y  and th e  morphological q u a l i t y  of  
th e  embryos. This  f i n d i n g  sugges t s  i t  i s  no t  f e a s i b l e  to  produce and 
c u l t u r e  e a r l y - s t a g e  b i s e c t e d  embryos under the  co n d i t io n s  o f  t h i s  ex­
per im ent.  The embryos c o - c u l t u r e d  with  bTV (Trea tments B and D) were 
a l s o  compared with  Trea tments A and C ( c u l t u r e  medium a lone)  to  d e t e r ­
mine the  o v e r a l l  e f f e c t  o f  the  bTV c o - c u l t u r e  system on embryo v i a b i l ­
i t y  and q u a l i t y .  This comparison c l e a r l y  shows t h a t  th e  bTV c o - c u l tu r e  
system was s u p e r i o r  to  medium a lone  f o r  m a in ta in ing  both  embryo v i a b i l ­
i t y  and morphological  q u a l i t y  Jjn v i t r o .
The embryos in  t h i s  s tudy  were recovered  on day 4 .5  p o s t - e s t r u s  
and c u l t u r e d  t o  day 8 .5  in  v i t r o . Bovine embryos recovered  on day 8 .5  
p o s t - e s t r u s  a r e  u s u a l l y  expanded,  ha tch ing  or  ha tched b l a s t o c y s t s  
(Lindner  and Wright ,  1983). A comparison o f  the  f i n a l  developmental 
s t a g e s  o f  t h e  embryos in  t h i s  s tudy  with  the  expec ted  developmental 
s t a g e s  o f  " f r e s h "  day 8 .5  embryos, i n d i c a t e s  t h a t  the  embryos in  a l l  
t r e a tm e n t s  o f  the  p r e s e n t  s tudy  lagged behind in morphological  develop­
ment.  This  developmental l a g ,  however,  was l e s s  s evere  f o r  the  i n t a c t
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embryos c o - c u l tu r e d  with  bTV (Treatment D). P rev ious  s t u d ie s  have 
shown t h a t  the long- te rm ^n v i t r o  c u l t u r e  o f  bovine embryos r e s u l t s  in 
a developmental lag  of  1 or  more days (Camous e t  a l . ,  1984b,c) .
The r e s u l t s  o f  t h i s  s tudy  do o f f e r  some encouragement f o r  the  J_n 
v i t r o  c u l t u r e  o f  p recom pact ion -s tage  bovine embryos.  The embryos used 
in t h i s  exper iment  were recovered  from the  donor cows 4 .5  days a f t e r  
the  onse t  o f  e s t r u s .  Precompac tion-s tage  bovine embryos as l a t e  as day 
5 o r  day 6 can be b i s e c t e d ,  us ing  the  b las tomere  s e p a r a t i o n  technique  
(Willadsen e t  a l . ,  1981).  I f  day 5 or  6 embryos were used ,  the  b l a s t -  
otneres could  be s e p a ra t e d  and the  r e s u l t i n g  micromanipulated embryos 
would r e q u i r e  only  24 t o  36 hours o f  c u l t u r e  be fo re  they  could be 
t r a n s f e r r e d  t o  r e c i p i e n t s .  This s h o r t e r  c u l t u r e  pe r iod  should r e s u l t  
in h ig h e r  embryo q u a l i t y  in  v i t r o  and su rv iv a l  j n  v iv o .
Since bTV s e c r e t e  growth promoting subs tances  which a re  p r e s e n t  in 
bTV co n d i t io n ed  medium, the  advantages  o f  th e  bTV c o - c u l t u r e  system a re  
a v a i l a b l e  w i thou t  having t o  r e l y  on th e  a v a i l a b i l i t y  o f  " f r e s h "  bTV f o r  
embryo c u l t u r e .  The bTV c o - c u l t u r e  system or  bTV cond i t ioned  medium 
might  have a p p l i c a t i o n  f o r  t h e  s h o r t - t e r m  c u l t u r e  o f  b i s e c t e d  bovine 
embryos p r i o r  to  t r a n s f e r  t o  r e c i p i e n t s  or  b e fo re  and(or )  a f t e r  c ryo-  
p r e s e r v a t i o n .
The embryos in  t h e  p r e s e n t  s tudy  were not  t r a n s f e r r e d  to  r e c i p i ­
e n t s ,  to  e v a l u a t e  in  vivo  s u r v i v a l .  F u r th e r  s t u d i e s  a r e  necessa ry  to  
e v a l u a t e  the  s u rv iv a l  o f  micromanipu lated  and c u l t u r e d  precompaction 
s t a g e  bovine embryos fo l low ing  t r a n s f e r  to  r e c i p i e n t s .
CHAPTER V
EXPERIMENT IV
THE VIABILITY OF BOVINE 'HALF' EMBRYOS PRODUCED BEFORE 
OR AFTER LIQUID NITROGEN FREEZING
In t ro d u c t io n
Micromanipulat ion  o f  bovine embryos t o  produce monozygotic twins 
i s  now being o f f e r e d  by some of  the more p ro g re s s iv e  commercial c a t t l e  
embryo t r a n s p l a n t  u n i t s  around the  world .  One o f  th e  primary advan­
tages  of  embryo s p l i t t i n g  i s  the  c a p a b i l i t y  o f  i n c r e a s in g  th e  number of  
progeny from g e n e t i c a l l y  s u p e r io r  fem ales .  Pregnancy r a t e s  can be ob­
t a i n e d  in  c a t t l e  from f r e s h  " h a l f "  embryos (demi-embryos) which a re  
comparable w i th  th ose  o f  i n t a c t  embryos (Voelkel  e t  a l . ,  1984b; Takeda 
e t  a l . ,  1986). When s u f f i c i e n t  s u r r o g a t e  females a r e  a v a i l a b l e ,  good 
q u a l i t y  embryos can be b i s e c t e d  and t r a n s f e r r e d ,  thus  p o t e n t i a l l y  
doubl ing the  number o f  o f f s p r i n g  from embryos ob ta ined  from va lu a b le  
donor an imals .
The use o f  micromanipula t ion  f o r  the  p roduc t ion  o f  g e n e t i c a l l y  
i d e n t i c a l  twins  may in c r e a s e  e f f i c i e n c y  o f  compara t ive  animal r e s e a r c h .  
In one r e p o r t ,  Hancock (1954) i n d i c a t e d  t h a t  a p a i r  o f  monozygotic 
twins can be worth as many as 72 p a i r s  o f  u n r e l a t e d  i n d i v i d u a l s  f o r  
r e s ea rch  pu rposes ,  depending upon th e  paramete r  under s tudy .
Before the  f u l l  r e s e a r c h  and economic p o t e n t i a l  o f  embryo b i s e c ­
t i o n  can be r e a l i z e d ,  an e f f i c i e n t  procedure must be developed which 
would r e s u l t  in  a high pe rcen tage  o f  th e  demi-embryos developing  in t o
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twin o f f s p r i n g .  The v e r s a t i l i t y  o f f e r e d  by induced monozygotic twins 
w i l l  l i k e l y  be dependent  upon demi-embryos su rv iv in g  c ry o p re s e rv a t io n  
and long- te rm  s to r a g e  in  l i q u i d  n i t ro g e n  (LNZ) p r i o r  t o  t h e i r  t r a n s f e r  
to  s u i t a b l e  r e c i p i e n t s .
Lehn-Jensen and Wil ladsen  (1983) were f i r s t  t o  r e p o r t  r e s u l t s  on 
the  s u r v iv a l  o f  f rozen- thawed " h a l f "  and " q u a r t e r "  bovine embryos. In 
t h i s  s tu d y ,  day 5 t o  6 bovine embryos were c o l l e c t e d  and the  b l a s t o ­
meres s e p a ra t e d  by micromanipu la t ion .  These d i s s e c t e d  embryos were 
then embedded in 1.2% agar  and t r a n s f e r r e d  t o  th e  l i g a t e d  ov iduc ts  of  
anes t rous  ewes f o r  1 o r  2 days o f  in  vivo c u l t u r e .  These embryos were 
then  recovered  from the  o v id u c ts  and th ose  which had developed were 
f rozen  and s t o r e d  in  LNZ.
Twenty-s ix  o f  the  f rozen  " h a l f "  embryos (70.3%) su rv ived  the  
f r e e z e - th a w  procedure and 18 were s e l e c t e d  f o r  t r a n s f e r .  Eleven " h a l f "  
embryos (61.1%) t r a n s f e r r e d  developed in u t e r o ,  in c lud ing  f o u r  p a i r s  of  
monozygotic tw in s .  Twenty-one o f  28 " q u a r t e r "  embryos f ro zen  (75%) 
su rv ived  the  f r e e z e - th a w  p ro c e s s .  Four " q u a r t e r "  embryos were s e l e c t e d  
f o r  t r a n s f e r ;  however,  no pregnanc ies  were r e p o r t e d .  These p re l im in a ry  
f in d i n g s  sugges ted  low iji vivo s u rv iv a l  would r e s u l t  from frozen- thawed 
bovine " h a l f "  embryos,  and o f f e r e d  l i t t l e  encouragement f o r  producing 
o f f s p r i n g  from frozen- thawed " q u a r t e r "  embryos.
In a subsequen t  s tudy  with  c a t t l e ,  Heyman and Chesne (1984) a l s o  
i n v e s t i g a t e d  t h e  f e a s i b i l i t y  o f  producing o f f s p r i n g  from f rozen- thawed 
" l h a l f "  embryos.  In t h e i r  s tu d y ,  b l a s t o c y s t - s t a g e  bovine embryos were 
b i s e c t e d  us ing  m ic rom an ipu la t ion ,  the  embryo p o r t i o n s  f ro z e n  and s t o r e d  
in  LN2 . Twenty demi-embryos were t r a n s f e r r e d  i n d i v i d u a l l y  to  r e c i p ­
i e n t s  r e s u l t i n g  in  s i x  bovine r e c i p i e n t s  (30%) pregnan t  a t  45 days o f
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g e s t a t i o n .  However, by 90 days o f  g e s t a t i o n  only  f o u r  r e c i p i e n t s  (20%) 
remained pregnan t .
Previous  s t u d i e s  have sugges ted  t h a t  an i n t a c t  zona p e l lu c id a  may 
be necessa ry  f o r  optimal s u r v iv a l  o f  the  c ry o p r e s e r v a t io n  process  
(Kanagawa e t  a l . ,  1979).  I f  t h i s  were t r u e ,  embryos produced p r i o r  to  
c r y o p r e s e r v a t io n  would need t o  be enc losed  in an " I n t a c t "  zona p e l ­
l u c id a .  This would r e q u i r e  ag a r  embedding o r  some o t h e r  means of  
c l o s i n g  the  zona p e l l u c i d a  a f t e r  micromanipu la t ion .
In the  p r e s e n t  s tu d y ,  two t r i a l s  were conducted to  f u r t h e r  i n v e s t ­
i g a t e  the  f e a s i b i l i t y  o f  c ry o p re s e rv in g  bovine demi-embryos.  The 
pr imary o b j e c t i v e s  o f  T r i a l  I and I I  were t o  e v a l u a t e  the  j n  v i t r o  
su rv iv a l  o f  bovine demi-embryos produced e i t h e r  p r i o r  t o  o r  fo l lowing  a 
f r e e z e - th a w in g  p rocedure .  In T r i a l  I ,  the  embryos b i s e c t e d  p r i o r  to  
c r y o p r e s e r v a t io n  were c u l tu r e d  f o r  4 hours b e fo re  c r y o p r e s e r v a t io n  in  
an a t t e m p t  to  al low f o r  recovery  from the  b i s e c t i o n  i n j u r y .  A lso ,  an 
e f f o r t  was made in  T r i a l  I I  to  e v a l u a t e  the  e f f e c t  o f  an " i n t a c t "  zona 
p e l l u c i d a  ( s im u la ted  by agar  embedding) on demi-embryo s u r v i v a l .  This  
was to  determine i f  p r o t e c t i o n  from the  zona p e l l u c i d a  would be neces­
s a ry  f o r  optimal f r e e z e - th a w  s u r v i v a l .
M a te r i a l s  and Methods
Donor P re p a ra t io n
Seventeen mature c ro s s b re d  beef  cows o f  th e  E n g l i s h ,  European and 
Brahman breeds  were used as embryo donors in  T r i a l  I .  In T r i a l  I I ,  15 
mature c ro s s b re d  bee f  cows o f  t h e  same breed ing  and s e l e c t e d  from the  
same herd were used as embryo donors .  S t a r t i n g  on days 9 t o  15 o f  the  
e s t r o u s  c y c l e ,  t h e  donor cows were adm in i s t e re d  f o l l i c l e  s t im u la t i n g
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hormone (FSH-P: Schering Corp . ,  Omaha, Nebraska) tw ice d a i l y  (im) us ing 
a 4-day descending dose t r e a tm e n t  schedule  ( t o t a l  dose = 36 mg FSH-P 
per  donor fem a le ) .  At 48 and 60 hours a f t e r  the  i n i t i a l  6 mg FSH 
i n j e c t i o n ,  each female rece iv ed  i n j e c t i o n s  (im) o f  25 and 15 mg, 
r e s p e c t i v e l y ,  o f  PGF2a (L u ta ly s e :  Upjohn Co. ,  Kalamazoo, Michagan) to  
induce l u t e a l  r e g r e s s i o n .  The donor cows were mated n a t u r a l l y  to  a 
f e r t i l e  Angus b u l l  dur ing  th e  e a r l y  s t a g e s  o f  s tan d in g  e s t r u s  fol lowed 
by a r t i f i c i a l  in sem ina t ion  with  two u n i t s  o f  high q u a l i t y  f rozen-thawed 
beef semen a t  24 hours a f t e r  t h e  o nse t  o f  s tand ing  e s t r u s .  All donor 
females were n o n - l a c t a t i n g  and in  good to  e x c e l l e n t  body co n d i t io n  a t  
the  t ime o f  t r e a tm e n t .  The donor cows ranged in  weight  from 522 to  610 
kg a t  the  o nse t  o f  the  s tudy .
Embryo C o l l e c t i o n
On day 7 .5  to  8 .0  (T r i a l  I)  o r  day 7 .0  to  7 .5  (T r ia l  I I )  o f  th e  
subsequent  e s t r o u s  cyc le  ( o n s e t  o f  e s t r u s  = day 0 ) ,  embryos were non- 
s u r g i c a l l y  c o l l e c t e d  from th e  donors by the  procedure p rev io u s ly  
re p o r te d  by Looney e t  a l .  (1981) .  The embryos were recovered using 
Dulbecco 's  ph o s p h a te -b u f fe re d  s a l i n e  (PBS:Gibco, Grand I s l a n d ,  New 
York) f l u s h in g  medium with  2% (v /v )  f e t a l  c a l f  serum (FCS) and an a n t i -  
b i o t i c - a n t i m y c o t i c  (Ab-Am) s o l u t i o n  c o n ta in in g  100 u n i t s  o f  p e n i c i l l i n ,  
100 yg o f  s t rep tom ycin  and .25 yg o f  amphoter ic in-B per  ml o f  f l u s h in g  
medium. Embryos were ma in ta ined  dur ing  the  time p r i o r  to  c ry o p re s e rv a ­
t i o n  a t  room tem pera tu re  in  a modif ied  PBS hold ing medium (HM) con­
t a i n i n g  10% FCS, 4 .0  gm/1 o f  bovine serum albumin,  1.0 gm/1 o f  g lu c o se ,  
.036 gm/1 o f  pyruvic ac id  and Ab-Am.
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Experimental Trea tments -  T r i a l  I
A t o t a l  o f  132 e x c e l l e n t  o r  good q u a l i t y  l a t e  morula to  expanded 
b l a s t o c y s t - s t a g e  embryos were a l l o t t e d  to  fo u r  t r ea tm e n ts  in T r ia l  I 
( f i g u r e  4 ) .  The embryos were randomly ass igned  by donor,  morphological  
s t a g e  and q u a l i t y  grade a c ro s s  t r e a tm e n t  groups .  The t re a tm e n t s  were: 
(A) embryos b i s e c t e d  i n t o  demi-embryos (OE) p r i o r  to  c ry o p re s e rv a t io n  
(n=44),  (B) embryos b i s e c t e d  in t o  DE a f t e r  f r e e z i n g  and thawing (n=44),  
(C) i n t a c t  embryos ( c o n t r o l )  t h a t  were aga r  embedded p r i o r  to  c ryo­
p re s e r v a t io n  (n=22) and (D) i n t a c t  ( c o n t r o l )  embryos f rozen  w ithou t  
a g a r  embedding (n=22).  A f t e r  the  embryos in Treatment A were b i s e c t ­
ed ,  the  r e s u l t i n g  DE were i n d i v i d u a l l y  placed in t o  a zona p e l lu c id a  
(ZP) and the  embryos in a l l  f o u r  o f  the  t r e a tm e n t s  were c u l tu r e d  f o r  4 
hours in CMRL-1066 medium (Sanyal  and N afo l in ,  1983) supplemented with  
10% (v /v )  FCS and Ab-Am. The c u l t u r e s  were main ta ined  a t  37°C in a 
humidif ied  atmosphere o f  5% C02 in  a i r .  Following the  4 hour in  v i t r o  
c u l t u r e ,  the  embryos in Trea tments A, B and C were embedded in  an agar  
s o l u t i o n  and prepared  f o r  c r y o p r e s e r v a t io n .
Experimental Trea tments -  T r i a l  II
A group o f  120 l a t e  morula to  expanded b l a s t o c y s t - s t a g e  embryos of  
q u a l i t y  grade 1 ( e x c e l l e n t )  o r  2 (good) were ass igned  by donor ,  morpho­
l o g i c a l  s t a g e  and embryo q u a l i t y  grade ac ro ss  t r e a tm e n t  groups .  Forty  
embryos were e q u a l ly  a s s igned  t o  each o f  t h r e e  primary t r e a tm e n t  groups 
( f i g u r e  5 ) .  The t r e a tm e n t s  were: (A) embryos b i s e c t e d  i n t o  DE p r i o r  to  
f r e e z i n g ,  (B) embryos b i s e c t e d  i n t o  DE a f t e r  f r eez in g - th aw in g  and (C) 
embryos frozen- thawed but  no t  b i s e c t e d  ( i n t a c t  c o n t r o l s ) .  One DE o f  
each DE p a i r  in  Treatment A was r ep laced  i n t o  th e  o r i g i n a l  ZP and
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embedded in  a .5 mm c y l i n d e r  o f  1.2% agar  t o  s im u la te  an ' i n t a c t '  ZP 
(d e s ig n a t e d  Treatment A - I ) .  The remaining DE o f  each o f  the  DE p a i r s  
in Trea tment A was f rozen  ZP f r e e  (des igna ted  Trea tment A - I I ) .  The 
embryos were f rozen  as soon as p o s s i b l e  a f t e r  micromanipula t ion  of  
embryos in Trea tment A.
Micromanipula t ion Procedure
A L e i t z  micromanipula tor  u n i t  and a Wild M-8 s te reom icroscope  were 
used in  th e  embryo micromanipula t ion  procedures  in  T r i a l  I and I I .  The 
embryos were b i s e c t e d  in  an open,  75 mm, s t e r i l e  p e t r i  d i s h  c o n ta in ing  
30 ml o f  HM. Late m oru la - s t age  embryos in Trea tments A and B (T r ia l  I 
and I I )  were b i s e c t e d  i n t o  DE us ing  the  m ic ro su rg ica l  procedure  p rev ­
i o u s l y  d e s c r ib e d  by Lambeth e t  a l .  (1983).  A g l a s s  hold ing p i p e t t e  was 
used t o  p o s i t i o n  the  embryo whi le  a f i n e  g la s s  s u r g i c a l  need le  was used 
to  make a r e n t  in  th e  ZP approx im ate ly  60% o f  th e  c i rcumference  o f  th e  
embryo. The g la s s  need le  was then  used to  r o t a t e  th e  embryo u n t i l  the 
r e n t  was p e r p e n d ic u la r  to  the  base o f  the  p e t r i  d i s h .  The g l a s s  needle 
was then  used to  open the  ZP and remove the  embryonic c e l l s .  The ZP- 
f r e e  embryo was p a r t i a l l y  b i s e c t e d  by p o s i t i o n i n g  th e  g l a s s  needle 
above the  embryo r e s t i n g  on th e  f l o o r  o f  the  p e t r i  d i s h  and lower ing  
the  g l a s s  need le  on a v e r t i c a l  p la n e .  The b i s e c t i o n  process  was com­
p l e t e d  by r e p o s i t i o n i n g  the  embryo between the  ho ld ing  p i p e t t e  and th e  
needle  and us ing  a g e n t l e  sawing motion with  the  g l a s s  need le .
A f t e r  b i s e c t i o n  o f  Treatment A embryos in  T r i a l  I ,  t h e  g l a s s  
needle  was used t o  open th e  r e n t  and s im u l tane ous ly  r e p l a c e  one DE back 
i n t o  t h e  o r i g i n a l  ZP. The remaining DE was p laced  i n t o  a s u r r o g a t e  ZP 
ob ta ined  from a degene ra te  o r  u n f e r t i l i z e d  bovine ova.  In T r i a l  I I ,
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only  one DE o f  each DE p a i r  was p laced  back i n t o  th e  o r i g i n a l  ZP 
(Trea tment A - I ) .  The remaining DE o f  each DE p a i r  was f rozen  as ZP- 
f r e e  (Treatment A - I I ) .  The m oru lae - s tage  embryos in  Trea tment B (T r ia l  
I and I I )  were b i s e c t e d  a f t e r  f r e e z in g - th a w in g  us ing th e  same b i s e c ­
t i o n  procedure .
B l a s t o c y s t - s t a g e  embryos were b i s e c t e d  us ing  a procedure s i m i l a r  
to  t h a t  de sc r ib e d  p r e v io u s ly  f o r  ovine embryos by Willadsen  and Godke 
(1984) ,  Each embryo was p o s i t i o n e d  with  t h e  hold ing  p i p e t t e  so t h a t  
the  in n e r  c e l l  mass ( I CM) was on the  v e n t r a l  s i d e  o f  th e  embryo as 
viewed th rough the  s te reom ic roscope  (100X).  The f i n e  g l a s s  needle was 
passed through the  c e n t e r  o f  the  embryo ( d i r e c t l y  above the  c e n t e r  of  
the  in n e r  c e l l  mass) t o  p i e r c e  the  embryo from pole to  po le .  The em­
bryo was r e l e a s e d  from th e  ho ld ing  p i p e t t e  and the  g l a s s  need le  was 
s lowly  lowered on a v e r t i c a l  p lane  to  b i s e c t  the  in n e r  c e l l  mass. The 
t r o p h o b l a s t i c  c a v i t y  c o n t r a c t s  a f t e r  t h e  i n i t i a l  b i s e c t i o n  p rocedure .  
With the  needle s t i l l  p i e r c in g  the  embryonic c e l l  mass,  t h e  embryo was 
r o t a t e d  t o  p o s i t i o n  the  uncut  t r o p h o b l a s t  p o r t i o n  between th e  hold ing 
p i p e t t e  and g l a s s  n eed le .  The t r o p h o b l a s t i c  l a y e r  was then b i s e c t e d  
with a sawing motion o f  th e  g l a s s  need le .
The c o n t r a c t e d  embryo was removed from th e  ZP and th e  b i s e c t i o n  
was completed by p o s i t i o n i n g  th e  embryo between th e  hold ing  p i p e t t e  and 
th e  g l a s s  need le .  A g e n t l e  sawing motion was again  used to  complete 
the  b i s e c t i o n  p rocedu re .  A f t e r  t h e  b i s e c t i o n ,  both DE (T r ia l  I )  o r  one 
DE o f  each DE p a i r  ( T r i a l  I I )  was r e p la c e d  back i n t o  t h e  o r i g i n a l  o r  a 
s u r r o g a te  ZP. The same b i s e c t i o n  procedure was used to  b i s e c t  b l a s t o ­
c y s t - s t a g e  embryos in  Trea tment B (T r i a l  I and I I )  pos t - thaw .
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Agar Embedding
In T r i a l  I ,  t h e  DE p a i r s  in  Treatment A and th e  i n t a c t  embryos in 
Treatments B and C were a g a r  embedded us ing  a p rocedure  s i m i l a r  to  t h a t  
de s c r ib e d  by Wil ladsen  (1982).  A 1.2% agar  s tock  s o l u t i o n  was prepared 
by adding 1.2 gm o f  f r e s h  aga r  powder per  100 ml o f  d i s t i l l e d  wate r  and 
au to c la v in g  f o r  15 m inu tes .  This  1.2% agar  s o l u t i o n  was then  al lowed 
to  cool t o  38°C p r i o r  to  embryo exposure .  A .5 mm ( I . D . )  g la s s  c a p i l ­
l a r y  tube  was a t t a c h e d  to  a 1 ml p r e c i s i o n  Hamilton s y r inge  by s i l a s t i c  
tub ing  and was used to  handle the  embryos during  the  agar  embedding 
p rocedures .
The DE o r  embryo to  be embedded in aga r  was drawn up in t o  the  
g l a s s  c a p i l l a r y  tube  and d e p o s i t e d  i n t o  a p e t r i  d i s h  co n ta in in g  FCS 
la y e re d  under PBS. The DE o r  embryo with a small volume o f  FCS was 
drawn up in t o  th e  c a p i l l a r y  tube  and dep o s i t ed  in t o  a p e t r i  d i sh  con­
t a i n i n g  2 ml o f  1.2% a g a r  s o l u t i o n  a t  38°C. F i n a l l y ,  t h e  DE o r  embryo 
in th e  aga r  s o l u t i o n  was s lowly  drawn up in t o  the  c a p i l l a r y  tube and 
d e p o s i t ed  i n t o  a p e t r i  d ish  c o n ta in in g  PBS a t  room tem pera tu re .  The 
r e s u l t i n g  a g a r  c y l i n d e r  was trimmed on both ends c l o s e  t o  the  DE o r  
embryo with  a r a z o r  b lade he ld  by a p a i r  o f  small hemosta ts .  The em­
bedded DE or  embryo was then  p laced  i n t o  HM u n t i l  t h e  t ime o f  c ryo-  
p r e s e r v a t i o n .  In T r i a l  I I ,  t h i s  same a g a r  embedding procedure was used 
to  encase  the  DE rep la ced  i n t o  a ZP in  Trea tment A-I fo l low ing  b i s e c ­
t i o n .  The remaining embryos in  T r i a l  I (Trea tment D) and T r i a l  II 
(Trea tments  A - I I ,  B and C) were f rozen  w i th o u t  aga r  embedding.
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Embryo Cryopreserva t ion
The same c r y o p re s e rv a t io n  procedures  were used f o r  a l l  o f  the  i n ­
t a c t  o r  DE in the  t r e a tm e n t s  in T r i a l s  I and I I .  The DE or  i n t a c t  
embryos were p laced  in t o  HM c o n ta in in g  1.5 M g lyce ro l  s o l u t i o n  (Leibo,  
1984) and in d i v i d u a l l y  loaded i n t o  .25 ml p l a s t i c  bovine semen s t r aw s .  
Both DE o f  each DE p a i r  in Treatment A were p laced  i n t o  the  same s tr aw.
All embryos were f rozen  us ing  the  method desc r ib e d  by Pool e t  a l .  
(1986) ,  which had been modif ied  s l i g h t l y  from the  procedure p rev ious ly  
re p o r te d  by Leibo (1984) .  A f t e r  10 minutes e q u i l i b r a t i o n  in  the  g l y ­
ce ro l  s o l u t i o n ,  the  s traws c o n ta in ing  the  DE and th e  i n t a c t  embryos 
were placed in t o  a Model R-201 P lanner  programmable LNZ f r e e z i n g  u n i t  
and were cooled from room tempera tu re  (20-22°C) to  -7°C a t  a r a t e  of  
-1 .0°C  per  minute .  The s tr aws  were "seeded" with  a p a i r  o f  metal f o r ­
ceps cooled  in LN2 and were held a t  -7°C f o r  15 minutes p r i o r  to  
coo l ing  t o  -33°C a t  a r a t e  of  - .3°C per  minute .  A f t e r  15 to  20 minutes 
e q u i l i b r a t i o n  a t  -33°C, the  s traws were then  t r a n s f e r r e d  d i r e c t l y  to  
LN2 (-196°C) f o r  s t o r a g e .
A f te r  1 t o  4 months o f  s t o r a g e  ( T r ia l  I)  o r  1 to  3 weeks o f  s t o r ­
age (T r ia l  I I )  in LN2 , embryos were thawed by p lac ing  th e  st raws in a 
warm wate r  ba th  a t  35°C f o r  20 seconds .  The embryos were removed from 
the  s traws and then  t r a n s f e r r e d  to  HM co n ta in in g  1.08 M suc rose  to  r e ­
move th e  g lyce ro l  c r y o p r o t e c t a n t .  A f t e r  10 m inu tes ,  th e  embryos were 
removed from the  s uc rose  s o l u t i o n  and then  t r a n s f e r r e d  to  f r e s h  HM 
p r i o r  to  c u l t u r e .
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In V i t ro  Cul tu re
The DE in Treatment A o f  T r i a l  I and I I  and the  i n t a c t  embryos in 
Treatment B and C in  T r i a l  I were removed from th e  a g a r  c y l in d e r s  us ing 
the  method p r e v io u s ly  o u t l i n e d  by Willadsen (1982).  The aga r  c y l in d e r  
was p o s i t i o n e d  by a ho ld ing  p i p e t t e  w hi le  a 25 gauge hypodermic needle 
a t t a c h e d  to  a micromanipu la to r  u n i t  was used t o  t r i m  th e  aga r  c y l in d e r  
c l o s e  t o  th e  embryo, thus  r e l e a s i n g  the  embryo from th e  aga r .
A f te r  the DE and the  i n t a c t  embryos were r e l e a s e d  from the  agar  
c y l in d e r s  and the  embryos in Trea tment B were b i s e c t e d  fo l lowing  thaw­
in g ,  a l l  DE and i n t a c t  embryos were t r a n s f e r r e d  from HM to  24-well 
c u l t u r e  p l a t e s .  Each well  o f  the  p l a t e  con ta ined  1 .5  ml o f  CMRL-1066 
medium with  10% (v /v )  FCS and Ab-Am. The c u l t u r e s  were main ta ined  a t  
37°C in a humidif ied  atmosphere o f  5% C02 in a i r .  The embryos were 
eva lu a te d  under a Wild M-8 s te reom icroscope  (100X) f o r  morphological  
development and ass igned  v i a b i l i t y  sco res  a t  12 and 24 hours o f  Jji 
v i t r o  c u l t u r e .  The embryos were e v a lu a te d  as grade  1 ( e x c e l l e n t ) ,  
grade  2 (good),  grade 3 ( f a i r )  o r  grade 4 (degene ra te )  as  p rev io u s ly  
d e f ined  by Lindner and Wright (1983) .
S t a t i s t i c a l  A nalys is  -  T r i a l s  I and II
In t h i s  s tu d y ,  embryo v i a b i l i t y  was analyzed  by a s s ig n in g  a score  
o f  "1" to  v i a b l e  embryos and "0" to  non -v iab le  embryos. S im i l a r l y  th e  
number o f  t r a n s f e r a b l e  ( q u a l i t y  grade 1 o r  2) embryos were compared in 
each t r e a tm e n t  by a s s ig n in g  a va lue  o f  " I ” t o  t r a n s f e r a b l e  embryos and 
"0" to  embryos which were not  o f  t r a n s f e r a b l e  q u a l i t y .  These da ta  f o r  
T r i a l  I and I I  were analyzed  us ing  one-way a n a l y s i s  o f  va r ia n ce  pro­
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cedures  (S tee l  and T o r i e ,  1980). Treatment means were compared us ing 
Tukey 's  s i g n i f i c a n t  d i f f e r e n c e  t e s t  (S tee l  and T o r i e ,  1980).
Resu l t s
Micromanipula t ion and Embryo Recovery -  T r i a l  I
A t o t a l  o f  132 e x c e l l e n t  to  good q u a l i t y  l a t e  morula to  expanded 
b l a s t o c y s t - s t a g e  embryos were used in t h i s  t r i a l  ( t a b l e  8 ) .  The 17 
donor cows produced an average  o f  7 .8  e x c e l l e n t  or  good q u a l i t y  embryos 
(g rades  1 or  2) p e r  c o l l e c t i o n .  The embryos were ramdomly ass igned  
w i th in  donor ,  q u a l i t y  grade and developmental  s t a g e  ac ross  t r e a tm e n t s .  
All  44 embryos in Treatment A were s u c c e s s f u l l y  b i s e c t e d  to  produce 44 
DE p a i r s  p r i o r  to  c r y o p r e s e r v a t io n .  A f t e r  thawing,  th e  88 DE were r e ­
covered from the  aga r  c y l i n d e r s  and placed i n t o  c u l t u r e .
The 44 embryos in  Trea tment B were s u c c e s s f u l l y  recovered from the  
a g a r  embedding and b i s e c t e d  t o  produce 44 DE p a i r s .  All embryos were 
b i s e c t e d  in Treatment B, r e g a r d l e s s  o f  the  pos t- thaw q u a l i t y .  In 
Trea tments C and D, the  22 i n t a c t  embryos in each t r e a tm e n t  were 
recovered  po s t - th a w .  All 22 embryos in Treatment C were s u c c e s s f u l l y  
removed from th e  aga r  embedding.
Micromanipula t ion and Embryo Recovery -  T r i a l  II
The 120 bovine embryos used f o r  t h i s  t r i a l  were d i s t r i b u t e d  by 
embryo q u a l i t y  grade  and developmental s t a g e  f o r  each t r e a tm e n t  ( t a b l e  
9 ) .  Each o f  the  15 donor cows used in t h i s  t r i a l  c o n t r i b u t e d  an a v e r ­
age o f  8 per  c o l l e c t i o n  embryos which were a s s igned  a c ro s s  Trea tments 
A, B and C. In Trea tment A, 40 embryos (100%) were s u c c e s s f u l l y  
b i s e c t e d  i n t o  DE p a i r s  a t  t h e  t ime o f  micromanipu la t ion .  In Treatment 
A-I one DE was l o s t  du r ing  th e  aga r  embedding process  and two DE were
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TABLE 8 .  DISTRIBUTION OF EMBRYOS BY INITIAL QUALITY GRADE AND 
DEVELOPMENTAL STAGE IN TRIAL I .
Q u a l i ty  grade  and 
morphological  s tag e
Treatment
A B C D
1 Late morula 6 5 2 2
2 Late  morula 2 3 2 2
1 Ear ly  b l a s t o c y s t 2 1 0 0
2 Ear ly  b l a s t o c y s t 1 1 0 0
1 B la s t o c y s t 4 4 3 3
2 B la s t o c y s t 7 7 4 3
1 Expanded b l a s t o c y s t 18 19 9 10
2 Expanded b l a s t o c y s t 4 4 2 2
Total  no.  o f  embryos/group 44 44 22 22
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TABLE 9.  DISTRIBUTION OF EMBRYOS BY INITIAL QUALITY GRADE AND 
DEVELOPMENTAL STAGE IN TRIAL I I .
Q u a l i ty  grade and 
morphological  s tag e
Treatment
A B C
1 Late morula 5 5 6
2 Late morula 3 3 2
1 E ar ly  b l a s t o c y s t 7 7 6
2 E ar ly  b l a s t o c y s t 9 9 10
1 B la s t o c y s t 8 9 6
2 B la s t o c y s t 3 3 5
1 Expanded b l a s t o c y s t 5 4 5
Total  number o f  embryos/group 40 40 40
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damaged while  a t t em p t ing  to  remove them from t h e  aga r  c y l i n d e r .  Two o f  
40 DE in Treatment A-II  were l o s t  dur ing  thawing and removal from the  
p l a s t i c  s t r a w s .  The remaining 37 o f  th e  40 DE (93%) in Trea tment A-I 
and 38 o f  the  40 DE (95%) in Trea tment A-II  were p laced  in t o  c u l t u r e  
and eva lu a te d  f o r  development in  v i t r o .
In Treatment B, 40 embryos (100%) were recovered  from the  p l a s t i c  
s traws fo l lowing  thawing.  Only embryos d es ig n a ted  as q u a l i t y  grades 1 
o r  2 fo l lowing  thawing were s u b je c t e d  to  micro m anipu la t ion .  T h i r t y -  
f i v e  o f  40 embryos (88%) were b i s e c t e d  to  produce 35 DE p a i r s .  The DE 
p a i r s  and the  f i v e  embryos no t  b i s e c t e d  were p laced  i n t o  c u l t u r e  to  
e v a l u a t e  v i t r o  development.  Correspond ing ly ,  a l l  40 o f  the  embryos 
in  Treatment C were recovered  from th e  s tr aws  fo l lowing  thawing.  These 
embryos were p laced  i n t o  the  c u l t u r e  system w i thou t  b i s e c t i o n  to  se rve  
as i n t a c t  c o n t r o l s .
In V i t ro  Surviva l  -  T r i a l  I
All embryos were eva lu a te d  a t  12 hours o f  c u l t u r e  and again  24 
hours l a t e r .  Each embryo was a s s igned  an q u a l i t y  g rade  (1 = e x c e l l e n t ,  
2 = good, 3 = f a i r ,  4 = degene ra te )  and e v a lu a te d  f o r  morphological  
development a t  12-hour i n t e r v a l s .  Only embryos o f  q u a l i t y  grades  1 or  
2 were cons idered  to  be o f  t r a n s f e r a b l e  q u a l i t y  in  t h i s  exper iment .
All embryos were c u l t u r e d  f o r  24 hours and observed t o  s u b s t a n t i a t e  the  
ob s e rv a t io n s  made a t  12 hours pos t - thaw .
The embryo q u a l i t y  grades  a f t e r  12 hours o f  iji v i t r o  c u l t u r e  a r e  
p re s e n te d  1n t a b l e  10. In Trea tment A, 10 DE (11.4%) were v i a b l e  
( q u a l i t y  grade 1,  2 o r  3) a f t e r  12 hours o f  c u l t u r e .  Four DE (4.6%) 
were eva lu a te d  t o  be o f  t r a n s f e r a b l e  q u a l i t y .  F i f t e e n  DE (17.1%) in
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TABLE 10. DEMI-EMBRYO QUALITY GRADES AT 12 HOURS OF IN VITRO
CULTURE IN TRIAL I
Embryo q u a l i t y  g rade3
Treatment 1 2 3 4
A 2/88(2.3%) 2/88(2.3%) 6/88(6.8%) 78/88(88.6%)
B 1/88(1.1%) 2/88(2.3%) 12/88(13.6%) 73/88(83.0%)
C 3/22(13.6%) 7/22(31.8%) 4/22(18.2%) 9/22(36.4%)
D 3/22(13.6%) 6/22(27.3%) 2/22(9.1%) 11/22(50.0%)
a Embryo q u a l i t y  grade  1 = e x c e l l e n t ,  2 a good, 3 = f a i r ,  4 = degenera te
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Treatment B were v i a b l e  a t  12 hours o f  c u l t u r e  with  3 (3.4%) cons idered  
to  be o f  t r a n s f e r a b l e  q u a l i t y .  There were no d i f f e r e n c e s  between the 
number o f  v i a b l e  o r  t r a n s f e r a b l e  embryos in  Treatments  A and B (P>.05).
In Treatment C, 14 i n t a c t  embryos (63.6%) were v i a b l e  a f t e r  12 
hours in  c u l t u r e  with  10 (45.5%) being o f  t r a n s f e r a b l e  q u a l i t y .  Of the  
22 embryos in Treatment D, 11 (50%) were v i a b l e  and 9 (41%) were of  
t r a n s f e r a b l e  q u a l i t y  a f t e r  12 hours o f  in  v i t r o  c u l t u r e .
Although embryo v i a b i l i t y  and q u a l i t y  were s l i g h t l y  h igher  f o r  the  
i n t a c t  embryos f rozen  in  an aga r  c y l i n d e r  in Trea tment C when compared 
with th e  i n t a c t  embryos f rozen  w i thou t  agar  embedding in Trea tment D, 
th e se  d i f f e r e n c e s  were not  s i g n i f i c a n t  (P>.0 5 ) .  Since t h e r e  was no 
d i f f e r e n c e  between Trea tments C and D, th e s e  co n t ro l  t r e a tm e n t s  were 
combined f o r  comparison with  Trea tments A and B ( t a b l e  11).  O v e r a l l ,
25 o f  t h e  i n t a c t  c o n t ro l  embryos (56.8%) (Trea tments  C and D combined) 
were v i a b l e ,  w ith  19 (43.2%) being o f  t r a n s f e r a b l e  q u a l i t y .  This r e ­
s u l t e d  in more (P<.05) v i a b l e  and t r a n s f e r a b l e  embryos in  both the  
con t ro l  t r e a tm e n t s  than e i t h e r  Trea tments A o r  B.
In V i t ro  Surv iva l  -  T r i a l  II
All embryos were ev a lu a te d  a t  12 hours o f  c u l t u r e  and again  24 
hours l a t e r .  Each embryo was e va lua te d  us ing  th e  same c r i t e r a  as was
used in  T r i a l  I .  A lso ,  only  embryos o f  q u a l i t y  grades  1 o r  2 were
cons idered  t o  be o f  t r a n s f e r a b l e  q u a l i t y  in T r i a l  I I  o f  t h i s  e x p e r i ­
ment. All embryos were c u l t u r e d  f o r  24 o r  more hours and observed to  
s u b s t a n t i a t e  the  o b s e rv a t io n s  made a t  12 hours pos t - thaw .
The r e s u l t s  a t  12 hours o f  ^n v i t r o  c u l t u r e  a r e  p resen ted  in  t a b l e
12. In Trea tment A - I ,  14 DE (35.0%) su rv ived  the  f r e e z e - th a w  p ro c e s s .
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TABLE 11.  EMBRYO/DE VIABILITY AND QUALITY IN TRIAL I 
AT 12 HOURS POST-THAW
★
Treatment
Number o f  
embryos/DE
NumberU) 
o f  v ia b le  
embryos
Number(%) of  
t r a n s f e r a b l e  
embryos
A 88 10 (11.4%)a 4 (4.6SQ3
B 88 13 {14,8%)a 3 (3.4%)a
C+D 44 25 (56.8%)b 19 (43.2%)b
*
There were no d i f f e r e n c e s  between t r e a tm e n t s  C and D, so th e se  
t r e a tm e n t s  were combined f o r  comparison with  t r e a tm e n t s  A and B.
a *b Numbers w i th in  columns with  d i f f e r e n t  s u p e r s c r i p t s  a re  s i g n i f ­
i c a n t l y  d i f f e r e n t  (P< .05) .
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TABLE 12. DEMI-EMBRYO QUALITY GRADES AT 12 HOURS OF IN VITRO 
CULTURE IN TRIAL II
Embryo q u a l i t y  g rade4
Treatment 1 2 3 4
A-I 5(12.5%) 4(10.0%) 5(12.5%) 24(65.0%)
A-II 3(7.5%) 4(10.0%) 5(12.5%) 25(70.0%)
B 5( 6.3%) 12(15.0%) 25(31.3%) 24(47.5%)
C 17(42.5%) 10(25.0% 4(10.0%) 10(22.5%)
a Embryo q u a l i t y  grade  1 = e x c e l l e n t ,  2 = good,  3 = f a i r ,  4 * degenera te
99
Nine DE (22.5%) were o f  t r a n s f e r a b l e  q u a l i t y .  Twelve DE (30.0%) in 
Treatment A-II  su rv ived  the  f r e e z in g - th a w in g  process  and 7 DE (17.5%) 
were cons ide red  t o  be o f  t r a n s f e r a b l e  q u a l i t y .  No d i f f e r e n c e s  (P>.05) 
were d e t e c t e d  between Trea tments A-I and A - I I ,  so th e se  t r ea tm e n ts  were 
combined f o r  comparison with  Treatments B and C ( t a b l e  13).  O v e ra l l ,  26 
DE (32.5%) in  Trea tments A-I and A-II  produced p r i o r  t o  f r e e z i n g  s u r ­
vived the  f r ee z in g - th a w in g  process  and a t o t a l  o f  16 DE (20.0%) were o f  
t r a n s f e r a b l e  q u a l i t y  a t  12 hours o f  in  v i t r o  c u l t u r e .
For ty- two DE (52.5%) in Treatment B were c l a s s i f i e d  as being v i ­
a b l e  a t  12 hours j n  v i t r o , with  17 DE (21.3%) cons idered  to  be of  
t r a n s f e r a b l e  q u a l i t y .  There was no d i f f e r e n c e  (P>.05) between the 
number o f  v i a b l e  o r  t r a n s f e r a b l e  embryos in  Trea tments A and B.
In Treatment C, 31 o f  t h e  i n t a c t  c o n t ro l  embryos (77.5%) were 
a s s e s se d  as v i a b l e  a t  12 hours _in v i t r o  and 27 embryos (67.5%) were 
cons ide red  t o  be o f  t r a n s f e r a b l e  q u a l i t y .  There were more (P<.05) 




The number o f  su c c e s s fu l  b i s e c t i o n s  produced in  Trea tments A and B 
o f  both T r i a l s  I and I I  confirmed t h a t  t h e  micromanipula t ion  procedures 
used 1n t h i s  s tudy  were a c c e p ta b l e  f o r  producing day-7 t o  day-8 bovine 
DE. Although some DE (s20% in  each t r i a l )  were unequal in p ro p o r t i o n  
p r i o r  to  the  o n s e t  o f  c u l t u r e ,  no d i s c e r n a b l e  d i f f e r e n c e s  were noted in 
t h e  v i a b i l i t y  among th e  DE a f t e r  12 hours o f  in  v i t r o  c u l t u r e .
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TABLE 13. EMBRYO/DE VIABILITY AND QUALITY IN TRIAL II  
AT 12 HOURS POST-THAW
Number(%) Number(%) of
Number o f o f  v i a b l e t r a n s f e r a b l e
Treatment embryos/DE embryos embryos
A (I+II ) 80 26 (32.5%)a 16 (2 0 .0 2 )a
B 80 42 (52 .52)* 17 (21.3%)a
C 40 31 (77.5%)b 27 ( 6 7 .5 2 )b
*
Since t h e r e were no d i f f e r e n c e s between t r e a tm e n t s A-I and A-II
th e se  t r e a tm e n t s  were combined f o r  comparison with  t r ea tm e n ts  B 
and C.
3  K
* Numbers w i th in  columns with  d i f f e r e n t  s u p e r s c r i p t s  a re  s i g n i f ­
i c a n t l y  d i f f e r e n t  (P < .05) .
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Furthermore ,  t h i s  s l i g h t  s i z e  d i f f e r e n c e  o f  some o f  th e  p r e - c u l t u r e  DE 
was not  a s s o c i a t e d  with  pos t- thaw in  v i t r o  v i a b i l i t y  s c o r e s .
The micromanipula t ion  procedures  used in  th e s e  t r i a l s  r equ i re d  
only  a g l a s s  hold ing p i p e t t e  and a f i n e  g l a s s  needle  f o r  the  b i s e c t i o n  
o r  m an ipu la t ion  o f  t h e  embryos,  as compared with  o t h e r  methods which 
r e q u i r e  e l a b o r a t e  micromanipula tor  u n i t s  and(or )  m u l t i p l e  m i c r o in s t r u ­
ments to  complete the  microsurge ry  ( O z i l ,  1982, 1983).
The agar  embedding procedure proved to  be e f f i c i e n t  f o r  encasing  
ZP i n t a c t  embryos and f o r  c l o s i n g  th e  ZP of  DE a f t e r  micromanipula t ion .  
However, t h i s  techn ique  d id  r e q u i r e  much p r a c t i c e  p r i o r  to  the  o n s e t  of  
t h i s  s tudy  befo re  the  method could be c o n s i s t e n t l y  performed w i thou t  
l o os ing  embryos in t h e  agar  o r  d e s t ro y in g  th e  embryo dur ing  removal 
from the  a g a r  c y l i n d e r .
In V i t ro  Survival
The i n t a c t  and the  demi-embryos in  T r i a l  I and I I  were ev a lu a te d  
a t  12 hours pos t - thaw  because t h i s  was cons ide red  to  be the  e a r l i e s t  
time t h a t  a f a i r  comparison between th e  DE produced befo re  and a f t e r  
f r e e z i n g  could  be made. Also from a p r a c t i c a l  c o n s i d e r a t i o n ,  12 hours 
o f  c u l t u r e  fo l lowing  thawing would l i k e l y  be th e  l o n g e s t  per iod  t h a t  
commercial t r a n s p l a n t  u n i t s  would c u l t u r e  bovine embryos p r i o r  to  
t r a n s f e r  to  r e c i p i e n t  females .  As p re v io u s ly  mentioned,  the  embryos 
were ev a lu a te d  us ing accep ted  c r i t e r a  p r e v io u s l y  e s t a b l i s h e d  by Lindner 
and Wright (1983).
A comparison o f  the  pos t - thaw  embryo v i a b i l i t y  and q u a l i t y  in 
Trea tments C and D in  T r i a l  I would i n d i c a t e  t h a t  th e  c r y o p r e s e r v a t io n  
o f  i n t a c t  bovine embryos in  ag a r  has no d e t r im en ta l  o r  advantageous
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e f f e c t  on embryo su rv iv a l  po s t - th a w .  Numerous types  and s o lu t i o n s  of  
agar  have been e v a lu a te d  f o r  th e  embedding o f  bovine embryos p r i o r  to  
c r y o p r e s e r v a t io n  and none have r e s u l t e d  in  p o s i t i v e  o r  de t r im en ta l  e f ­
f e c t s  on pos t - thaw  embryo v i a b i l i t y  (W.F. R a i l ,  personal  communica­
t i o n ) .
In T r i a l  I ,  low j n  v i t r o  embryo s u rv iv a l  was e v id e n t  in  a l l  t r e a t ­
ments in  t h i s  s tu d y .  The cause  o f  t h i s  low su rv iv a l  in  v i t r o  was not 
e v i d e n t .  The b a s ic  c ry o p re s e rv a t io n  methodology used in t h i s  s tudy  has 
been shown to  r e s u l t  in  pos t- thaw v i a b l i i t y  f o r  bovine embryos of  
g r e a t e r  than 60% f o r  bovine embryos (Lehn-Jensen ,  1979; Leibo,  1984).  
T h e re fo re ,  i t  i s  u n l i k e l y  t h a t  t h e  c ry o p re s e rv a t io n  procedure used f o r  
t h i s  s tudy  was the  pr imary f a u l t .  The low embryo su rv iv a l  fo l lowing  
c u l t u r e  pos t - thaw  was observed ac ros s  a l l  donors in the  s tudy .  Even 
though embryo donor v a r i a t i o n  e x i s t s  in th e  su rv iv a l  o f  embryos fo l low ­
ing c r y o p r e s e r v a t i o n ,  i t  i s  u n l i k e l y  t h a t  th e  o v e r a l l  low embryo s u r ­
v iva l  could be a t t r i b u t e d  to  the  embryo donors .
A p o s s i b l e  e x p la n a t io n  o f  why embryo v i a b i l i t y  was low in a l l  
t r e a tm e n t s  of  T r i a l  I might be the  a d d i t i o n a l  t ime th e  embryos were in 
c u l t u r e  a f t e r  c o l l e c t i o n  and p r i o r  t o  c r y o p r e s e r v a t i o n .  Other s t u d i e s  
have shown t h a t  pos t - thaw  embryo v i a b i l i t y  i s  i n v e r s e l y  r e l a t e d  to  time 
in  c u l t u r e  p r i o r  to  c r y o p r e s e r v a t io n  (Wright ,  1985; Chesne e t  a l . ,  
1987). The pe r io d  from embryo c o l l e c t i o n  to  c r y o p re s e rv a t io n  in  t h i s  
s tudy  ranged from 8 t o  12 hours .  Th is  t ime per iod  may have been ex­
c e s s iv e  f o r  optimal embryo s u rv iv a l  pos t - thaw .  The embryos 1n t h i s  
s tudy  were c u l t u r e d  f o r  4 hours p r i o r  t o  c ry o p re s e rv a t io n  in  an a t tem pt  
to  a l low the  DE in Trea tment A t o  r ecove r  from b i s e c t i o n  i n j u r y  p r i o r
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to  c r y o p r e s e r v a t i o n .  This  c u l t u r e  pe r iod  may have had th e  oppos i te  
e f f e c t  o f  reducing  r a t h e r  than enhancing  pos t - thaw  v i a b i l i t y .
Even though the  v i a b i l i t y  and q u a l i t y  o f  t h e  i n t a c t  c o n t ro l  em­
bryos (Trea tments  C and D) in  T r i a l  I were lower than  ex p ec ted ,  v i a ­
b i l i t y  and q u a l i t y  tended  to  be b e t t e r  in  th e s e  t r e a tm e n t s  than  in  
Treatment A o r  B. These r e s u l t s  would i n d i c a t e  t h a t  the  embryos in 
Trea tments A and B could  no t  overcome th e  b i s e c t i o n  and f r e e z i n g  i n j u r y  
fo l lowing  thawing.
In T r i a l  I I ,  an e f f o r t  was made to  f r e e z e  the  embryos as soon as 
p o s s i b l e  a f t e r  embryo r e c o v e ry .  This  approach should  reduce l o s s e s  in 
embryo v i a b i l i t y  due to  c u l t u r e  t ime.  T h e re fo re ,  embryos were frozen  
immediately a f t e r  m icromanipu la t ion  r a t h e r  than c u l t u r i n g  f o r  a s h o r t  
p e r io d .  No more than two t o  t h r e e  donor females were c o l l e c t e d  on any 
one day in t h i s  t r i a l ,  thus i n s u r in g  t h a t  the  embryos could  be p ro c e s s ­
ed and f rozen  in  an e x p e d i t i o u s  manner.  The t ime from embryo c o l l e c ­
t i o n  and handl ing  t o  f r e e z i n g  v a r i e d  from 3 t o  6 hou rs .  Th is  t ime i s  
s i m i l a r  to  t h a t  in l a r g e  commercial t r a n s p l a n t  u n i t s .
The r e s u l t s  from T r i a l  I I  su g g es t  t h a t  the  la ck  o f  a ZP does not  
a l t e r  th e  s u r v iv a l  r a t e  o f  day 7 t o  7 .5  DE dur ing  f r e e z i n g .  There were 
no d i f f e r e n c e s  in  e i t h e r  th e  v i a b i l i t y  o r  th e  number o f  t r a n s f e r a b l e  DE 
between Trea tment A-I and Trea tment A - I I .  These r e s u l t s  a r e  in  a g ree ­
ment with  r e c e n t  f i n d i n g s  o f  Chesne e t  a l .  (1987) and Takeda e t  a l .  
(1987) who have r e c e n t l y  r e p o r t e d  t h a t  the  ZP i s  no t  n ece ss a ry  f o r  th e  
optimal su rv iv a l  o f  f rozen- thawed  DE. In c o n t r a s t ,  a n o th e r  s tudy  has 
i n d i c a t e d  t h a t  an " i n t a c t "  ZP i s  e s s e n t i a l  f o r  the  c r y o p r e s e r v a t io n  of  
bovine DE (Niemann e t  a l . ,  1986),  Others  have a l s o  i n d i c a t e d  t h e r e  a re  
no d i f f e r e n c e s  in  th e  s u rv iv a l  o f  i n t a c t  bovine embryos f ro z e n  e i t h e r
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with  or  w i thou t  an i n t a c t  ZP (Blakewood e t  a U ,  1986; Niemann e t  a l . ,  
1987).
There were no d i f f e r e n c e s  in  th e  number o f  t r a n s f e r a b l e  q u a l i t y  DE 
when the  DE were produced b e fo re  o r  a f t e r  f r e e z in g - th a w in g .  However, a 
h ig h e r ,  though not  s i g n i f i c a n t ,  pe rcen tage  o f  DE produced a f t e r  f r e e z ­
ing- thawing were cons idered  v i a b l e  a t  12 hours o f  in  v i t r o  c u l t u r e  
(52.5% vs .  32.5%).  Before one could  sugges t  i t  would be p r e f e r a b l e  to  
produce bovine  DE a f t e r  f r e e z i n g ,  f u r t h e r  e v a l u a t i o n  i s  n ece ss a ry .  In 
e i t h e r  c a s e ,  however, only  20% o f  t h e  DE in Trea tments A combined (A-I 
and I I )  were t r a n s f e r a b l e  compared with  68% f o r  th e  i n t a c t  c o n t r o l s  in 
Trea tment C.
P r i o r  t o  the  p r e s e n t  s tu d y ,  o th e r s  have r e p o r te d  on the  c ryo­
p r e s e r v a t i o n  o f  bovine DE. Lehn-Jensen and Wil ladsen  (1983) r e p o r te d  
t h a t  70% o f  th e  " h a l f "  embryos produced by b la s tom ere  s e p a r a t i o n  o f  
precompaction bovine embryos su rv ived  f r e e z i n g  and were v i a b l e  p o s t ­
thaw. Embryo s u rv iv a l  fo l low ing  f r e eez in g - th a w in g  in t h e i r  s tudy  was 
much g r e a t e r  than t h a t  observed f o r  f rozen- thawed DE in  the  p r e s e n t  
s tu d y .  This  d i f f e r e n c e  in  pos t - thaw  v i a b i l i t y  might be e xp la ined  in  
the  d i f f e r e n t  b i s e c t i o n  techn iques  used .  The b la s tomere  s e p a r a t i o n  
method a l lows f o r  the  s e p a r a t i o n  o f  th e  embryo i n t o  equal  p o r t i o n s  
w i thou t  c e l l  (b la s tom ere )  l o s s  o r  i n j u r y .  In c o n t r a s t ,  t h e  b i s e c t i o n  
te chn iques  used now f o r  l a t e r - s t a g e  compacted morulae and b l a s t o c y s t s  
r e s u l t s  in c e l l  l o s s  and i n j u r y  du r ing  the  b i s e c t i o n  p rocess  (P ic a rd  
e t  a l . ,  1986; Skrzyszowska and Smorag. 1987; Chesne e t  a l . ,  1987),
This mechanical  i n j u r y ,  1n a d d i t i o n  t o  f r e e z i n g  i n j u r y  and v i a b i l i t y  
l o s s  in  v i t r o  could be too  g r e a t  f o r  the  b i s e c t e d  embryos t o  overcome 
fo l low ing  thawing.
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Heyman and Chesne (1984) r e p o r te d  pregnancy r a t e s  o f  20% f o r  DE 
produced from frozen-thawed b l a s t o c y s t s .  This pregnancy r a t e  i s  very 
s i m i l a r  to  the  p recen tage  o f  t r a n s f e r a b l e  q u a l i t y  DE fo l lowing  j n  v i t r o  
c u l t u r e  in  T r i a l  I I  o f  the  p r e s e n t  s tudy .
Previous  s t u d i e s  have in d i c a t e d  t h a t  day 7 .5  t o  8 bovine embryos 
( b l a s t o c y s t s  and expanded b l a s t o c y s t s )  may s u rv iv e  c ry o p re s e rv a t io n  
b e t t e r  than  s l i g h t l y  e a r l i e r  s t a g e  embryos (Menezo, persona l  communica­
t i o n ) .  However, in  the  p r e s e n t  s tudy  no d i f f e r e n c e s  were noted in the  
v i a b i l i t y  o r  q u a l i t y  o f  embryos t h a t  were c ryoprese rved  a t  the  l a t e  
morula through expanded b l a s t o c y s t - s t a g e s  .
As was p r e v io u s ly  ment ioned,  the  r e s u l t s  o f  both T r i a l  I and II  
show t h a t  t h e r e  i s  no d i f f e r e n c e  in th e  in  v i t r o  s u rv iv a l  o f  DE pro­
duced be fo re  o r  a f t e r  c r y o p r e s e r v a t io n .  There tended to  be more t r a n s ­
f e r a b l e  q u a l i t y  embryos in  Trea tments A and B of  T r i a l  I I  (19 t o  21%)
than in  Trea tments  A and B o f  T r i a l  I (3 t o  4%). The apparen t  d i f f e r ­
ence between T r i a l s  I and I I  was the  c u l t u r e  t ime from embryo recovery  
t o  c r y o p r e s e r v a t i o n .  The lower embryo v i a b i l i t y  and q u a l i t y  e v id en t  
a c ro s s  a l l  t r e a tm e n t s  in  T r i a l  I could p o s s i b ly  be due to  th e  extended 
time the  embryos were in  c u l t u r e  p r i o r  to  c r y o p r e s e r v a t io n .
The embryos in T r i a l s  I and I I  were not  t r a n s f e r r e d  to  r e c i p i e n t s  
f o r  e v a l u a t i o n  o f  j n  vivo  s u r v i v a l .  This would l o g i c a l l y  be the  next  
s t e p .  However, developing  a procedure t h a t  w i l l  s t and  up to  iji v i t r o
e v a l u a t i o n  i s  needed b e fo re  expensive  f i e l d  t r i a l s  a r e  conducted.
C orresponding ly ,  r e s u l t s  from t h i s  s tudy  f u r t h e r  i n d i c a t e  the  need to  
develop an e f f i c a c i o u s  procedure f o r  the  p roduc t ion  o f  v i a b l e  f ro zen -  
thawed bovine demi-embryos.
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V i t r i f i c a t i o n  has r e c e n t l y  been eva lu a te d  f o r  the  c r y o p re s e rv a t io n  
o f  bovine DE (Massip e t  a l . ,  1987).  V i t r i f i c a t i o n  d i f f e r s  form conven­
t i o n a l  c r y o p r e s e r v a t io n  methods in  t h a t  th e  c r y o p r o t e c t a n t s  used a r e  a t  
a h ig h e r  c o n c e n t r a t i o n  and form a s o l i d  when f r o z e n .  This avoids 
i n j u r y  to  t h e  embryo from i c e  c r y s t a l  f o rm a t ion ,  s in c e  i c e  c r y s t a l s  do 
not  form. In t h i s  s tu d y ,  DE were produced from day 6 .5  to  8 bovine 
embryos and f ro zen  in  e i t h e r  10% g ly c e ro l  (conven t iona l  f r e e z i n g )  or  in 
a v i t r i f i c a t i o n  s o l u t i o n  o f  p r o p a n e d i o l - g l y c e r o l . The t r a n s f e r  o f  10 
DE p a i r s  f rozen  by the  conven t ional  method r e s u l t e d  in  two pregnanc ies  
(20%) compared w i th  s i x  pregnanc ies  (28%) f o r  DE p a i r s  c ryopreserved  by 
the  v i t r i f i c a t i o n  method.
More s t u d i e s  a r e  necessa ry  to  e v a l u a t e  the  use of  v i t r i f i c a t i o n  
f o r  c ry o p re s e rv in g  DE. Refinement o f  the  v i t r i f i c a t i o n  techn ique  could 
r e s u l t  in a v i a b l e  c r y o p r e s e r v a t io n  method f o r  demi-embryos in  the  
f u t u r e .  A lso ,  the  use o f  a f i b r o b l a s t  monolayer (Kuzan and Wright ,  
1982b) or  a t r o p h o b l a s t i c  v e s i c l e  c o - c u l t u r e  system (Camous e t  a l . ,  
1984a) with  c ryoprese rved  DE might  a l s o  improve DE su rv iv a l  r a t e s  
fo l low ing  thawing.
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APPENDIX TABLE 1. ANALYSIS OF VARIANCE FOR THE NUMBER OF
DEMI-EMBRYOS FORMED IN EACH TREATMENT IN EXPERIMENT I.





Zona 1 .4464 9.60
Tech x Zona 1 .2857
**
6.14
E rro r 220 .0465
Tech = B is e c t io n  Technique { s l id e  mic romanipula tor  o r  r a z o r  blade 
method).
Zona = Zona p e l lu c id a  t r e a tm e n t  (ZI o r  ZF).
APPENDIX TABLE 2.  ANALYSIS OF VARIANCE FOR THE NUMBER OF 
BLASTOCYSTS FORMING FROM DEMI-EMBRYOS IN EXPERIMENT I .
Source3 df Mean square F r a t i o
Treatment 3
Tech 1 .5402 2.57
Zona 1 1.0045 4.78*
Tech x Zona 1 .0402 .19
E r ro r 220 .2098
Tech = B is e c t io n  Technique ( s l i d e  micromanipula tor  or  r a z o r  b lade 
method).
Zona = Zona p e l l u c i d a  t r e a tm e n t  (ZI o r  ZF).
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APPENDIX TABLE 3.  ANALYSIS OF VARIANCE FOR THE NUMBER OF 
VIABLE EMBRYOS AT 60 HOURS IN VITRO IN EXPERIMENT I I .
Source df Mean square F r a t i o
Treatment 2 .2871 1.37
E rro r 105 .2090
APPENDIX
GRADE
TABLE 4.  ANALYSIS OF VARIANCE FOR THE NUMBER OF QUALITY 
1 OR 2 EMBRYOS AT 60 HOURS OF CULTURE IN EXPERIMENT I I .




E r ro r 105 .2111
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APPENDIX TABLE 5.  ANALYSIS OF VARIANCE FOR THE NUMBER OF 
VIABLE EMBRYOS AT 96 HOURS IN VITRO IN EXPERIMENT I I .
Source d f Mean square F r a t i o




TABLE 6.  ANALYSIS OF VARIANCE FOR THE NUMBER OF QUALITY 
OR 2 EMBRYOS AFTER 96 HOURS OF CULTURE IN EXPERIMENT I I .




E rro r 105 .2124
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APPENDIX TABLE 7. ANALYSIS OF VARIANCE FOR THE NUMBER OF VIABLE
EMBRYOS AT 48 HOURS OF IN VITRO CULTURE IN EXPERIMENT III.








A x B 1 .0032 .02
Error 128 .1790
t r e a t m e n t  A = c u l t u r e  o f  i n t a c t  o r  b i s e c t e d  embryos. 
Treatment B = c u l t u r e  o f  embryos with  or  w i thou t  bTV.
APPENDIX TABLE 8 .  ANALYSIS OF VARIANCE FOR THE NUMBER OF 
QUALITY GRADE 1 OR 2 EMBRYOS AT 48 HOURS OF IN VITRO 
CULTURE IN EXPERIMENT I I I .








A x B 1 .0305 .14
Erro r 128 .2110
t r e a t m e n t  A = culture of intact or bisected embryos.
Treatment B = culture of embryos with or without bTV.
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APPENDIX TABLE 9. ANALYSIS OF VARIANCE FOR THE NUMBER OF VIABLE
EMBRYOS IN EXPERIMENT III AT 96 HOURS OF IN VITRO CULTURE.








A x B 1 .1894 1.03
Erro r 128 .1870
t r e a t m e n t  A = c u l t u r e  o f  i n t a c t  o r  b i s e c t e d  embryos. 
Treatment B = c u l t u r e  o f  embryos with  o r  w i thou t  bTV.
APPENDIX TABLE 10. ANALYSIS OF VARIANCE FOR THE NUMBER OF 
QUALITY GRADE 1 OR 2 EMBRYOS AT 96 HOURS OF IN VITRO 
CULTURE IN EXPERIMENT I I I .





B 1 4.0076 23.32
A x B 1 .1890 1.15
Erro r 128 .1648
t r e a t m e n t  A = culture of intact or bisected embryos.
Treatment B = culture of embryos with or without bTV.
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APPENDIX TABLE 11. ANALYSIS OF VARIANCE FOR THE NUMBER OF 
VIABLE FROZEN-THAWED EMBRYOS/DE IN TRIAL I OF EXPERIMENT IV.
Source d f  Mean square  F r a t i o
**
Treatment 2 3.39 23.85
Erro r 217 .1423
APPENDIX TABLE 12. ANALYSIS OF VARIANCE FOR THE NUMBER OF 
TRANSFERRABLE QUALITY EMBRYOS/DE IN TRIAL I OF EXPERIMENT IV.
Source d f  Mean square  F r a t i o
*★
Treatment c 2.7080 33.39
Erro r 217 .0811
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APPENDIX TABLE 13. ANALYSIS OF VARIANCE FOR THE NUMBER OF 
VIABLE EMBRYOS/DE POST-THAW IN TRIAL I I  OF EXPERIMENT IV.
Source df  Mean square  F r a t i o
**
Treatment 2 2.26 9.76
Error 197 .2320
APPENDIX TABLE 14. ANALYSIS OF VARIANCE FOR THE NUMBER OF 
TRANSFERRABLE EMBRYOS/DE IN TRIAL I I  OF EXPERIMENT IV.




E r ro r 197 .1753
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